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RESNWEZESHR BT 24 > W ILT - ERAW - BRI~ ZMH
A~ SRR E - ERERERE - AWERW OISR E R A SRS (HRN S AR
I R P BT ~ RS ~ HERAE RIEGE ~ BB R 59 FH G2 - T H ATRZ A i S
MG LR Z BRI > SCRTT TR O B CREBECE A 2 11 R E R TER IR B
sz aE > IEREERIEFEIUTER] ~ 155eH] ~ FFRaA] ~ SURGS - BRRE - ASIRF - OO0 R
R ~ HEWR ~ 550 HOT R BT B o AIEREERIGH - BRIFEZOR0F - BV R 321 H M E AR
1,000 ppm " B IEEREEE] S0% R4 RANH 2 BRIh > Hoh 8 THEER B B Sk AERANHI RA B4
R SR 1 REEEERISPR NN R RS I BUNERS A e ARURE 100 ppm (%
[ 50%LL EHIRIESIRMERAER - EITE AN BT EREBINSRRE - SRS S
HRE N Z IHIE R B s B EHEEE - HIRERE R 70%E5 - ZRERDakR TRt
EREERS  HREETEM SN ARNS - AR R 0 B B ER AR - NISRAEACE B R
BUEREREHE > J5 AR ER G IR 2 S R s 2 (R -
BT« R - Freh] - ER - BEMDa
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Al

FELIRREE (Marasmius equicrinis) & E#EEIE Mann (AT 558 E353H (Petch, 1923) - fFE&
AIFE 1978 A B IR S SR E KECHk 2 (Hu, 1984) A B IRHE S AN 2 E A E VEORE
fEEARE - HE 1984 i » R E =8 SR mpEES 4 > AiEmdbisitt - BEREAL - E
AT ~ TN ~ S E - ZREERFRE - fREE Petch (1923, 1948) f5iH » 5K
TREAETAEIE ~ S0 ~ T RO 5 Hh4MREDRREE (Chen and Chen, 1990) & HZA (Ezuka and
Ando, 1994) JVEEALCEE - REN /7 aoMEVT IS B & 884 LA RDRIVEM - A 2 A %
HUEE A o BEIREER TSR L3 AR TMEAERE ~ LB Kigel A EE 2408k (Dassanayake et
al., 2009) 5 1 1991 FAENE EEEERY A v e FIRNBIZE A5 E (Koshy etal., 1991) ©
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2 TEREERENES OSBRI AN - 28 ik -
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ZREINHEC BRI L ERR LTS BOGIRYMEEER (thizomorph) » EZ H] E
AR bR EERBERE - BRI SR ONEGE > RENREHELE (Z > 2004) -
R R ESGHE I HAREE MR BRI RS L INEROESRERE > JRUEPTF R
(% bk > 2007) « BEOERZERAEAFED LRI o ZFBERE - BB A ReEE
REZRBET > B B BIROERATESE (Y 0 2004) - XFEFIRMRE - ZRBiEE ] Zar 255t
ZA RS - EASFEER - EREERE RS (LAERARE > R BEEEE
SFEERERR > ARSI RBEREFRIE 2T - AU+ FEREIeFRE T > BRI RE
BHEL—

SRR 8 2 H AT Ry B A S EU%  Sarmah (1960) Ed Petch (1923) AR AR &
T AR R R P 2 SRR ML Z A A ERHURTE L 2 488y > WHF TESE ) JF
fth (1931) RURE Rk ix &R g (A ST EAHARTIAUE 77 © Hu (1984) BIRZERMNR - ZE IR
WA PRI FARESE Z A1 - RS Z B RERE X HT A Z A RN R RN - (DA RERE Ry oot
fEE SuFEA (2011) FASSIRRERFTE L 2 RASRE A E - SRR ATELE 2 e & (A5
RS NIRRT 2 R R R REE BB 28 - DA BRI AR ST R BN e
FRHEE > By TABEEFRGESIRE A B 28 ATt HAvlist i B siE e S SC AR
o 2 AR TI A RCREHE » D RHEER SN EE 2 2% -

PRI T4

— ~ A ER K EE
HFr b EmIE O SRR ERERSEINFE R - FIHREHEE TS - BRI
EEE (HHB-1) > &GZAEEESE E fy Marasmius equicrinis o

B ey e
BEFTTE R B GEEYI I B A S %A S SO E A 258 2 A 11 fE(bER g
T By tataem] (F—) » =ME (1-3) (1) 11.6 %PUTEFI/KFEA ] ( Tetraconazole EW ) » EEATRL
H 5 (2) 25.9 %3 FKEEFLA (Tebuconazole EW) » HERHERHADHIRAE] ; (3) 25 %fF se Al ZLAH
( Difenoconazole EC) » JoiFZER A7 HAIRAE 5 BEITEE 4) : (4) 40 %5 BOF R M Kl
(Iminoctadine Triacetate WP ) » HAE ZEAG (AR E] » AP (5-6)  (5) 50 %R fE S o] &M
F37% ( Benomyl WP ) » 28 FRREDATRAE] 5 (6) 50 % B {5 Al &K 7 ( Thiophanate-Methyl
WP) » KIF(LEE TEERAGAIRAE] 5 SFBEEE (7) & (7) 23.6 % B 5efFALAI (Pyraclostrobin EC) » Z
BRI ATR AT FEEBE (8-9) 1 (8) 39.5 %k /KT (Fluazinam SC) » FFEE A&
15 (9) 42.2 Y% fiEHRER /KA (Dithianon SC) » ZEEHT RN ARAT] : JEET (10-11) : (10) 43
Yoz oy B 25K (Kasugamycin hydrochloride + Carbendazin WP » K5 TR D AR A
&]); (11) 16 %5 ve UK BRI Pyraclostrobin + Dithianon WG )+ /B HF KA HRAH] -
DA b iR B L) A RO RS (active ingredient, ai. ) FHHCZE 1 ug/mL ~ 10 ug/mL ~ 100 pg/mL K 1,000 pg/
mL & -

=~ SR AR BN R R 4 A RAHIDHIE
SR ER T 5275255 (2005) - BoB R85 B A AR HE RS &AL (Potato Dextrose Agar, PDA) -
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& PDA B EALE AR 9 AR BB RILT - FIlE 20 mL gk - fEEREER PDA
R 28°CIERFEERE 5 Ri% » DURZBE 2 FTfles (FL1R 0.7 em) PIHUESRAE: - BRI 4RI AL -

PRAIMRRE PR 2R e BE R~ 4% - SERIMYECRLT A + Sl & 2 Ll EERs Y 50-100 mL
2 ZER/K T © 45 350 mL 2 PDA 45F 4 500 mL 2 fIVERH » FORERERERE ZOREEFEE
60°C - PRI A BEEAEERIR 15 - EIASERBRIENT - &0 20 mL - FCBAARCRER 1~ 10 ~
100 fz 1,000 ppm & fE4E PDA AR o AR EASAIIE 2 K% » K—BEEAR 0.7 cm HYFTEFERLRIR
FERE RN IR EE Y SEg AP L SPEAN R TERR 7 K BIEFESERER  IIEHE%
SERER - R 5 B - HBEEIR o B AR T EE -

FEEHIIHIE RT (Relative Inhibition) = (¥HHRAHERE BAS — BRHEAHEFE B Q)RR HK
X100% o

v~ HER SRR R SR R 2SR B

1 2 N RZIRESNINE R DA FIRE Z SEEER] (110 ~ 100 k& 1,000 a.i. pg/mL) 258 (fE
—) > 24 /NEHRHUHEZ > BEVREREEIBAUE RN, - DL 25 CAERMENE » MBS 37
14 J2 21 RIFBIEERINE - MERECHOOEGKEERT R (B2  SEHE 30 REE - ¥
Rl Ry e K

T~ SRR R a2 SEIR R BRI

FRra A TILISE 8 FRAEE0R 20 SOREHETTRES IR (LEREERIT/a M - BiF 25.9%55eAlZK
FEFLP 2,500 f5H5%E > DB AR A BEAKE 1,000 AFHETHRES TR R G2ER - A
A EL 25 DTSR A AEEEN - TRIEEMETREIE T TR - WIRERREAK - SEE 4 E
8 igERT R EE R IRE R ETERE TG - TR SR R A RAHA -

B Z A AU RI (Relative Inhibition) = (#HIR8H BUG MR R — pa B0 UG MEER )/ S IRAH A
JEPEEZR X 100% -

&R BT o

11 FEE SR R E RAIGEERG R (R BUn > ERAERCRMEAE | ppm MERIERS -
AL - BEIRER R H 5 VUTEBE R B B 4 A R A2 5] S0%H/I% - Hifth 7 f&
GRS n R R SHINREE AR E R Y TO%HIHIR » Hoh WS TR ~ 5e80F R 5 ve B A
ZEFI] 100% 15T B B 47 2E = 2 SRR« 2815 S i H 23 RITE A RORE 1,000 ppm 5 ]2 50%
Z AR RAIIES > T B2 R S 52 2 S E A RURE 1,000 ppm BT A ZE F] S0% 4R RA
il o GEILEUR =" (triazoles) SERIEIFEIUTEA] ~ 15 50A S 5e Al 5 A (guanidines) 7 Tezf
F o HEAENGIESE (methoxy-carbamates) 7 B vefil 1 1N AN E (2,6-dintrianilines) 7 75 %
A ZSESIRRE FARE R B BRI - s VUEEEMI N (E R o B fy - BB S RORfE &
B A1) ~ BB BB 3 5 1 R I4 RNA 2B SRR - THETRI45E% cytochrome bel 35 F-{E1E
TR ~ fiihr e L (LIER (% > 2015) -

HNFENE T EUE RV M - EIE SR EEERR AR S BoRalbs
E—THERERINE RG22 SREUR 11 B SR M E S o H i AR ERERR R R
Z0ES > BEBRURE 100 ppm FRIATZEEZ] 50%LL_F 2 IIHIRER » SRR 2 & U vaf] » Hith 9
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T EERIAE A RORE 1,000 ppm T EHUAREEZIET] -

#E—B S e A ARSI Z R DS s MR A B se (e R el 2 R 574
25.9%F3 MK EALUBIFRRE 2,500 i - HRCEIAIERE 150 Z2THE0KRE - FIHB A THREEESE
i T ERRER S T TR R ZMEE > AT 1 U E R TSI - SR
RERERAG T Z SEINR R R G B IR A B E = R BTG RGE 70% - SEERE SR
I
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HRESINHIEZE LR CH T 40 5 > AMAHEZANE R Z B REE MR - HEAZ

B NRZHRRE ZFHERFE-ER > SRR 58 > R H A TRE 2 AR - E—
EREZEINARE,  EEEIREREHE > famathEiTRny - EXEERET > RERNRES
FEREHEH  REBFETHRHEURE - Sl 225 EPHFEREIREE - ASREECKAES
SCE AR Z A -1 7R - FLANTEIRESIRR - [EVTERERE TR > SCERIERR RIS
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% BT
Table 1 Profiles of tested fungicides
BEREESY EERREEY (50

BRI AARORE 34

g
Common name Common name (English) A Formulation and A.I. Classification
Trade name )
concentrations (FRAC*)
PUTEA] Tetraconazole HER 11.6%7KELHL 7 Gl,3
==yl Tebuconazole Efk 25.9%7KFLAH T Gl1,3
1HTEF] Difenoconazole el 25%ZL Gl1,3
TR Iminoctadine triacetate fEIEE 40% a] Sk ] M7
RAET Benomyl & 50 %rlEMEMEl BIL 1
S RTF Thiophanate-Methyl EAlE=S 50 %ElEMEMEl BIL 1
=g Pyraclostrobin 4] L 23.6%FH 11,C3
R Fluazinam TEEEM 39.5 % K C5, 29
HE Bt Bt Dithianon ) 42.2 % K &R M9
- - Kasugamycin hydrochloride N N D3,24 +
BE samyem ELFY 43 %R
+ Carbendazin Bl1,1
. . s M9 +
HERR T8 Pyraclostrobin + Dithianon PRI TR 16 YorK4r g takr ) 11.C3

BT EEMEE{TZE B & (Fungicide Resistance Action Committee, FRAC) - FRAC %Rk HE
MRSy B ER AR E > 8T AREINGRES EF &% > 2018) -
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T SRR ESINRE SR ERINHER (%) HE

Table 2 Investigation on mycelium growth inhibition rate (%) of fungicides to horse hair blight

En s tie Inhibition rate (%)

Common name 1 ppm 10 ppm 100 ppm 1000 ppm
| 70+7.98 97.4145.48 100 100
55kl 100 100 100 100
S| 79.46+0.98 78.54+2.78 83.7+1.54 89.36+5.87
LR 0RE 100 100 100 100

ooy <rh 9.62+1.61 10.74+3.04 28.54+2.54 88.28+3.16
FH LS ()5 13.64+1.99 12.79+4.3 23.643.63 45.36+4.25
B 100 100 100 100

Fh e 82.25+2.08 86.24+2.43 100 100

R e 1.7245.06 0.41+5.71 3.9+6.83 46.33+8.82
X D= Pas 3.9342.45 4.467+2.29 19.46+3.18 55.21+10.9
WA T 78.2143.52 85.57+1.3 87.83+0.6 100

R= - PSRRI E R ERIIGIR (%) FHE
Table 3 Investigation on rthizomorph growth inhibition rate (%) of fungicides to horse hair blight

BEFE A Inhibition rate (%)

Common name 1 ppm 10 ppm 100 ppm 1000 ppm
PUsEA] -10+11.5 -0.3+20.8 19.7+5.8 46.3+11.5
155 10+8.9 33+15.6 70+£11.3 79+8.7
(Sl 0 0 0 0

LR 0 0 0 1£13.2
FREF 0 0 0 0

A (RF 0 0 0 0

B 0 0 0 0

N1y 0 0 0 0

FE A 0 0 0 0

A= RAN 7+10 14£11.5 20+5.8 4+5.8

HE L e B 0 0 0 0
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1000 ppm 100 ppm

& ~ SR ER LGSR B

Fig.1. Horse hair blight rhizomorph soaked in fungicide (Tebuconazole) solution

B — ~ BUEZSINRESE B ERRm R -
Fig. 2. Mycelium grow from both ends of the vibrant rhizomorph
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Fig. 3. Investigation of the influence of Tebuconazole to horse hair blight rhizomorph vibrant in field trail
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Chemicals Screening and Control of Horse Hair
Blight (Marasmius equicrinis) of Tea Plants

Shiou-Ruei Lin"* Yu-Ju Huang?
Summary

Horse hair blight (HHB) occurs sporadically in tea plantations throughout Taiwan, including
Pinglin in New Taipei city, Dongshan in Yilan county, Mingjian and Zhushan in Nantou county, Linnei
in Yunlin county, Namasia in Kaohsiung city, Luye in Taitung county and other tea areas. The growth
of tea plants will not be significantly affected in the early stage of the disease occurring. Tea plants with
HHB long term infection for years become low density of bud leaves, small leaves, slow growth of
plants, reduced yield and weakened trees. However, there are no approved registration fungicides to
control this disease. In this study, we evaluated the efficacy of 11 fungicides included Tetraconazole,
Tebuconazole, Difenoconazole, Iminoctadine triacetate, Benomyl, Thiophanate-Methyl, Pyraclostrobin,
Fluazinam, Dithianon, Kasugamycin hydrochloride + Carbendazin, and Pyraclostrobin + Dithianon to
control HHB. The data showed 8 fungicides inhibited the HHB mycelia growth effectively in low
active ingredient concentration. In the evaluation of fungicide to control HHB rhizomorph test, only
Tebuconazole showed 50 %inhibition rate of the rhizomorph growth under active ingredient
concentration 100 ppm. It was also showing the same result with the field trail. In addition to the
application of chemical fungicides to control HHB, to integrate multiple control strategies such as
avoiding the introduction of rhizomorph from other tea plantations, strengthening the tea plants
fertilizer management, and thoroughly cleaning up pest source could reduce the HHB pathogen
population and maintain the tea plant growth.

Key words: Rhizomorph, Tebuconazole, Clean up source, Integrated pest management

1. Associate Researcher, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
2. Associate Researcher, Yuchih Branch, Tea Research and Extension Station, Nantou, Taiwan, R.O.C.
*Corresponding author.
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2019 & & & & R ERTEAE & 24 50
PRI L

memge ! EUEIT' LYl AEEEll EERC
BRER S phEth® SEsES OiERD

W

2R 24 SRR REELS - B 2000 FE5[fEE 2015 FEEH S (HIE Rin % - SEbimtBazs 2018
RN ERUKRE | St AR AT - 12 2019 £ 6 H 20 HIEsUan#a R 2ok 24 5% - sk infd R &
USRS PSR - BEET > FRAIGHY - AR JURsaES  KFEES  F
BREEEEFAHTE | BAT - BRI RN > BOREREAME - B RIMYEER ¢ - 2
DR AR > Rt - AR SR 18 SRR RikA -

BRSEY : %~ B - EE - i - 0iER

il

Al

1% (Camellia formosensis) T RLFAFESL - B53% - il - RS RURRGT - (RHAE
RS R EIRLLIZE ~ IBUBLIZE ~ S LRbLLZE TR ERLIZE  AKHEAREELLIZE  BETELLIZE - S0P -
RABLLIZE ~ I RIS  SRAMAEE 700 25 1,650 23 RIER (25 > 1989 + 1990) » Hopz
SR BB 2 B - TS ERB e A R AR B A&
AT > A A2 2826 18 8% (ALK 404 ASERE Burma (B-729) S1EE12E (B-607)
MR B BARPIRERCHE (ERAT - 1997) 5 HELTTR, » BRI IZ60 T B RUE AL Byt
FIBERLAN + 7T Rl (U B FE (R BRI -

BEFUIBH 1990 (TR S B UK B ZSARI R 912 e i e 2
B ITUTER R SRS EURRIE - TR DA SRR 2E IR IR R < B
2000 4F 5 B FILAT LA T A 6053 0T - SIIU 2 BFA ER A B SEUBARIE » S
TR » KBRS (B% » 1991) (B 850 AR EMA—/NEEEE B
FRAEHC > 850 28 970 1 RUBHKIE (7 B S0 I S5 B 5 B A 5008 - IR LIRS 2
B o 1 ET R RS B T S R (LS (PR (TR S e T - DARI T
BB - P RORE Z F6T TR LSRRI - Hi5 - BURS - RRRk B
B > DUREREIEE - 0 F 4B S R O R -

5 EEIAR KR » SR AT IE R B MR TT0 4 S e  SPAT ROBH » Stk
SHACRLLZE R FRHEIR R - S R RITIE R B AR B AR A RN

L TEb R SR RIS RS BEENTSE A - RIRINT T SR - BIFTC SRR ~ BIRTSE
BSR - 28 28k -

2. TEIERZR G RN RS BN e A3k - 28 ¥rdbri -

3. TERZEGRELURY BVt EFRER - tHREFERE - W& - BIG& - 28 BkE -
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B 12 SR LS (5% > 2003) - K BRLZEE TTERES R RO & RS SR
BRSE + 2013) ~ KERZERBAEFRIALT (5% + 2016b) AR HSEAE B AN » RO
SAGRFHHRE MG % > 2016a) - KRS ERARLZN EHEBRFTELE LT S
BEROKEE | 3% 0 Hidn ikt T EESE 24 95, STV (BN 18 95) ME(T LBGRBRGEE - H L
2 B R (B -

BB K ITA

— 51 | RGP P U R B AR LR AT B R 4% » B AT/ 850 2 1,060 A RI& M -
FHENEGEREE 2000 2 2002 FAEZPLU (048 23955 » BEEE 121°05" - 751K 850-950
AR HEFTHE Rakls o SRR 2001 FEEZELS [ - SHTREEHEERNZ S 1-3 R
W& e AT -

T HPREEL SN REARE R » TSR IR B 1Y 2012 AERRAAMET T BERIZEEI - 2015
FEEH S (EE RimA - Rt Al Rk 12513 2055 -

=oALl | VR R AP E B U Rm& 2 255 18 SRETmALLE R B—nk ()

BT 20 Bk K | EB4E » 3k 4 B4R - T 2018 FEEEE 5T - BeH B R fiiEhaatt - BT - MitEER -

PuEs - BRRER SoE O E 2B B A -

C REFER AR

(1) HufE iR am iR 3 ZOEIT 0 -

(2) ABEE R It T2

ASRIGEERUTTE © ZREEE AR - HL 0.5 Se7kH » JIA 90°C L#EF7K 45 mL - DL 90 C/KiB=e
HY 20 578% > I8 EREE 50 mL - BEEEEURL 4T -

B4R B IHIE 574 © DAET =FF (Ninhydrin) EEEJRBEI T/ > WLISRHEGEL (theanine) f
85 (Ikegaya and Masuda, 1986 ) °

CHRZTTIMET A « U aRLai#k (Ferrous tartrate) LEEUEMEIT T W LUZ BT WL (gallic
acid) AL, (Iwasa, 1975) -

D.5AEZE R MIMERIE 7572 © SR EE RBIEZAEAE CNS 15022 - N 6384 T 5k | Z gk Ty
7 o DL HPLC 341255+ (+)-Catechin (C), (-)-Epicatechin (EC), (-)-Epigallocatechin (EGC),
(-)-Catechin-3-gallate (CG), Epicatechin-3-gallate (ECG), (-)-Epigallocatechin-3-gallate (EGCQG),
(-)-gallocatechin-3-gallate (GCG), (-)-gallocatechin (GC) » DAB R ZE &= IR EE M
REHFRGE > AR &S E -

SRR

=

— ~ R

R 24 SRR P EORARR > B iR - A RBee ([ —)  BEiSHP > BEWE  FRHE
B IR R ZFOETAL > PURTI RN RIS o FHEEIESBRETT - 2% 24 SER0ERA]
B 96.3% (k) BEMREFHAE—EM - BEERF 24T > BABEBEIMIMEE 2R E
M - 2275 24 SRHASFIIEE IR AR 222k 18 R 74y 1 1 INEFAE 0 F B R B AR P EE EE0
EA I8 5E (R - B 4 9REUE AR Z P THRSEE R 11,300 kg/ha » BRI 18
5t 7,400 kg/ha s (=) -

_|>-l-

RER Rk

~
— 7
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2019 FEE AR R B0 24 SR &

B8 24 SRR 2 Al > 238 18 5ER A k= (E2)  HESMEROERNRA -

2015 4F 1 2R 24572 EE - — OSBRSS R 17.8 em K 11.3 em > S IR EfEEZ S 18
% 16.8 cm K 102 em & 5 F55F5 1~ 2 G A E 0.15 cm 2 0.19 cm > #E5S 18 5 0.19 cm Jz
023cm 4l : E1EREE16cm BWEL 185 1.7cm 45 » HEE 2 §if& A 3.2 cm » Bi=4% 18 5%
29cm &5 - - ZEEESRE 0.19 mm K 0.23 mm > 8EE 18 58 0.22 mm K% 0.25 mm & ; 5B
2 3EEESRE]70em £ 93 cm: = 1855 6.1lecm 2 82cm £ 5 B 2 ~ 3 EEHE 7 H] A 2.5 cm
K37 cm > #5EZZS 1858 4.0 cm 2 4.5 cm %+ 5 2 EEEEFE A 12.57 cm? 0 BRESS 18 58 17.72 cm?
53 EEFE B 24.6 cm? > BRESS 18 58 26.1 ecm? /) o

2016 B4 24 BELEEE B 18.9 ey IR B AN EIE fE =4S 18 5 18.6 cm: — L = F 10.3 cm>
B 18 58 11.5 em 40+ Z55E5E 1~ 2 SRR3R 0.15 ecm f7 0.18 cm > B2 18 52 0.20 cm &
024 cm 4l 55 1 HifEE Ay 1.7 cm 87248 18 5% 1.8 om 4 > 5 2 Bt 2.9 ecm > BIEZE 18 SEAHIT
23 EEESH A 023 mm & 026 mm > BIEZS 18 5EAHIT  FE 23 EEE SR 84 cm K 9.5
cm BPEZZE 189569 cm M 83 cm 5 & 23 EHE R 2.5em & 3.2 cm IR=Z2K 18 52 3.8 cm
K43 cm%E s 552 BEEERE A 1531 cm? > =28 18 98 19.03 cm? /)N © 26 3 BEEFE A 21.2 cm? » #%
EZX 1892249 cm? /N o

2017 255 24 SRR TER K 19.1 eme BRGNS 2E 18 98 19.2 om: — L =H#EK 9.8 cm»
A 1887 11.2 ecm 45 5 F52E5E 1~ 2 G RI A 0.15 cm f%2 0.19 cm » BXE4E 18 5% 0.23 cm K%
0.25cm 47 ; 55 1 G617 cm #7245 18 9% 1.9 cm 44 5 25 2 i & 3.1 cm » BIEEE 18 SRAHMT
E2EEEE022mm BERK 1855021 mm B FE3EE 0.25mm > BIEZR 18—k 523
HEEBE/SHE63cm & 9.6cm IEZ 185926.0cm 2 8.0cm £ £ 2 -3 EEHE R A 23 cm K
33cm BPEZL 1892 3.9 cm I 4.6 cm 45 5 2 EEBEEFE B 10.42 cm? » BE2S 18 58 16.74 cm? /)N o
53 EEfE A 22.1 cm? > BEZL 18 58 25.7 cm? /)N o

G 3 FIEESRE > 2R 24 FRERE VI 18.6 cm > IREAL 1858 182 ecm & o — /LW =
SRR F 10.5 cm > BREZS 18 9% 11.0 em &4 5 Z85758 1~ 2 BT 01 R 0.15 ~ 0.19 cm » BEEEZe
18 58 0.21 % 0.24 cm A4H: 55 | §ifEF9 5 1.7 cm Br= 25 18 58 1.8 em 55 {HEE 2 £ & 3.1 cm
HAFREA 18 58 2.9 & (B=) 5 55 2 FEEE f 021 mm FHEJREZ 18 5§ 0.22 mm RH - (HE 3 B
JEFE Ky 0.25 mm > HIELZZS 18 EAHIE © 25 2 ~ 3 BERE I35k 7.3 cm ~ 9.1 cm > #2Z7E 18 5%
64cm-~82cmE; FT2 -3EEE S A 24cm 34 cm BWEZFK 185539 cm~45cm % F2
RS A 8.62 e B ESS 18 98 11.21 ecm? /N 28 3 BEEFE By 22.6 cm® B =45 18 58 25.5 cm? /)\o

(FAR)  BEEERr GRE ~ EIV) - fREER Ry 10.2 om BRES 18 5 8.8 em & » {HIATET 5777l

By 3.l em o BGEZ 18 58 3.6 cm A&%S 5 EEE 029 mm » IR=2E 18 5% 0.35 mm fH 5 =48 24 REE
ACET SR 19.4 % > /DINEZR 18 57 20.8 ¥ - BRGNS @ UK 1 JFEPIESE 18 i RIkE - &
LA B 2.6 BFE 3.0 BIEHAIESR > ME4K 18 iR EL/M it 2.0 £ 2.5 BEMEEZA ; 55097
FHZCF 0 ~ BAZFIHHEEES > BITTEHEAIE > 20K 1 SRS 18 SR () 2% -

=~ BORRHE

REMERIE L BMRERERE M A » sPERTEINE (BRI ~ F5KE -~ &
REEREES < WHRTTER 150 mL SEMAEN - B 3 ATERER - M AMBKIRE S 78 - B
BIREASSEIAGTE A - M SeaPaREERREZ TR ) R T 805, 2189 V&5 T K

"ER L BT o ALREPEEERE S L TR B S 10 7 ~ UK 20 73 - FREEERS S 30
73> GatFy 100 73 -

R 24 SRR S K s sk H e (BT > ARt [aH SRR > RS KEEiaL
5T (7N > 2R A H RS Bt - 7% 24 SR8 R A - ok R B 4 ok Ry oA 1 -
KRR SR SRS > &0 > H i ZRIRE SRR s -

7K 24 SREUSIRA RS 18 SR 2016 2 2018 FERUMFELR MALRVE fns P2 SR AN

2015 FFRVE fmaPaER © B~ LR B 24 SRR BT Ry 81 [ 79.5 7 o B BRI S
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IR 18R 75.5 R 75 4y - HEREALRETR 24 HL R 80.5 71 BRRFNESRK 18 5EHY 81.5 53 - (HIKFALR
AE 815 53 » (BFRNESR 18 5RHY 81.0 77

2016 FFRVE ALATAER | ZAFLRIRET 24 5y 85.5 77 > (BFVEESK 18 5EHY 80.0 77 TAFALKH
iR TR 18 5/ 83.0 73 HETR 24 5iHY 80.0 73 -

2017 FERVESRTPAER © B A TTERRETR 24 B 83.2 K 86.5 7 MEHYEES 18 HEHY 82.2
K 85.5 57 3 RKFALAAILLEDS 18 5% 85.0 S (BN &7k 24 5EHY 83.0 57

GRE 3 NS R 2K 4 SRERERIR R RSB L B IR R 18 SNSRI
AEl  BERZKEE > QIRHEZRAKR  ERREER IHINR > 2545 24 550G - £ -FH
TR TR B B 49.7 Fe 51.5 73 » (BINESR 18 57 48.7 Jr 48.5 73 5 RARBUEALS - Z% 18 50
F550.5 53 > BEIBIRNEAS 24 5% 50.0 73 » JEAD » 2255% 24 SRfEGm B RUFAORERAL - BEAE ~
WERASEERR, - 24 18 SRAIR BN 2555 24 SRRV HERRIE - FiplR B R B -

Vg ~ R A

g ERENRCHR - MRS AL e R R R fgsd Al - B0 - & - BEMGEE S
{EFLR - B2k 24 SAENE T - EEFEMAVORERRZA » HERBEOERATE - 8577
I NGEEEN SR AR A B AR - S/ NGRS A AT SRR ¢ FE
BN AR EWE  FATRRBLAEE - AWE MEEER A ELE - LillEss
HERF o ERE BEEMEE -

HIRSLEER 18 9T HEGR T TR - WE T - A/REMRELE - BERIRE -
FEaaE T - SRFEH/NGKIER NG A R REEE  RAERREAERE - X
W WP EREEREE  BEMKE  EERERENFER - & B ERT  BERK
i FEWEER AR - BT - BRI -

BREI S > 20K 24 SIS 18 AR B/ NGR IR ~ /N &S R e R TR
B LU INER AR B R

i~ FETER ST

LB Z 258 24 SFINERETHRE(ER Y M (B SRS » 255 24 5%
HGI R IR & &2 7 A By 105.4 mg/g DW ~ 24.3 mg/g DW - (KR ¥ R4H S5 18 57 171.1 mg/g
DW -~ 35.9 mg/g DW ; &k Bl & 8 5y 25.7 mg/g DW - S EZS 18 57 17.8 mg/g DW ; BU{EAT
FoBIR 24 JRAESIE R B2 R 36.1 mg/g DWIIHELR 28.8 mg/g DW [ 47 Bk 49.9 mg/g DW
EMEA A SR FEE LS 18 57 56.8 mg/g DW ~ 28.8 mg/g DW [z 55.1 mg/g DW o

S

SR EaS BRI SR A RN - B0% 24 SRIBHREIIRTL - ARE PR EEGSR > RFEE
m HERrEHERS - MR & REAHEE - B RMYEES R - 20k H iR Bttt - B
BEIIER - R EBAT AR - HRG O ITEE R - 222k 24 SREUA 2B RS R E B
[ - A IA AR SRR - S AR B AR A F Rk - B R

= o

AutFeiE HEEE T - RERIE RE maFE L KEAS SRR SR - L8l
Bt ~ EUEBINT S ~ A BT R  SiCUBIIT S ~ R ERT ~ B BR T FERCHBGRE
Bk o SRR B B AT SR IRARERREDETT > S PR UGRITFTE R0 7 - Tl EA
GEt/ NGB (&) ARLGRI KB UG - R R EAHE -
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Test Report for TTES No.24-New Tea Cultivar
Officially Names in 2019

Chin-An Yu! Hun-Yuan Cheng! Shih-Kai Lo! Jian-Hsing Shiau!
Chih-Yi Hu? Meei-Ju Yang? Jin-Chih Lin®  Sang-Shun Wu?
Chui-Feng Chiu?

Summary

TTES No.24 is the first pure Taiwan native wild tea descent among all Taiwanese tea cultivars. It was
introduced to the breeding field in 2000. From then till 2015, five potential lines had been chosen. Again,
more comparisons had been done afterward until Camellia formosensis var. Yungkangensis No.1 was
finally selected from them in 2018. Then it officially named “TTES No.24” on June 20, 2019. Its bud was
reddish-prone, no pubescence and its leaf shape was lanceolate. In addition, with strong and rapid growth
rate, great resistance to diseases and pests, and high bud density, the annual yield of leaves per hectare of
TTES No.24 could be up to 10,000 kilograms. It was suitable to be manufactured green tea and black tea.
The made tea had a unique post-brew scent possesses a blend of mushroom, almond, and coffee. Further,
the flavor of infused tea was rich, slight astringent and less caffeine than TTES No.18.

Key words: Tea, Breeding, Yield, Cultivar, Caffeine

1. Assistant Researcher, Former Associate Agronomist, Associate Agronomist, Director, Taitung Branch,
Tea Research and Extension Station, Taitung, Taiwan, R.O.C.

2. Associate Agronomist, Wenshan Branch, Tea Research and Extension Station, New Taipei City,
Taiwan, R.O.C.

3. Associate Agronomist, Senior Agronomist, Secretary, Vice Director, Tea Research and Extension

Station, Taoyuan, Taiwan, R.O.C.
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Fo— ~ BOR 24 SREAETR 18 SRFTEEUER K — A fulE KA T bR
Table 1 Comparisons between TTES No.24 and TTES No.18 for the cutting survival rate, tree
height and width after first year

e Fag
i FFEROES (%) el 5
(cm) (cm)
E55 04 58 96.3? 38.6° 22.3b
E75 18 5E 95.28 61.0° 50.3%

*EITTEA & TS RIH E B ARE S%LSD fire/|\E R /KEE -
*Behind figures of the same column, values with the same letters are not significantly different at 5%
level by Fisher’s protected LSD test.

R BOR 24 GRBREOR B R A ERMER
Table 2 Differences of fertility characteristics between TTES No.24 and TTES No.18

FHEIEE =24 5% =75 18 55
B RARIR R E AR A ETE
HAZFHA 2/15 2/22
BHERREA 3/22~3/26 3/20~3/26
HIFE (g) 94> 1282
FEEFEFE (30x30 cm 5 {[E) 830 380
EEH 58 th

{ibiZ HiR ]

*[E B 1% TS R E B R ARE S%LSD fire/|\E B /KA -
*Behind figures of the same row, values with the same letters are not significantly different at 5%
level by Fisher’s protected LSD test.

= B 24 GRBLER 18 SRAEI A TR A B Z EER AT
Table 3 Comparisons between TTES No.24 and TTES No.18 for the yield of hand-plucked tea leaves
in different seasons

oy R (kg/ha) penn
L2 EE Bk T

R 2,800° 2,600° 3,300° 2,600° 11,300

EX18H 21000 1,600° 1,900° 1,800° 7,400

HETE R T P R E B AR S Y% LS Dy N SRR TKAE -
*Behind figures of the same column, values with the same letters are not significantly different at 5%
level by Fisher’s protected LSD test.
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DU ~ B 24 GRETES 18 SRS AL (20152017 4F)
Table 4 Investigation results of agronomic characteristics of TTES No.24 and TTES No.18 (2015-2017)

2EER :% E B1HRER F2HMEE F1EGHE
R ry i —E
cm

B4 8 17.8% 11.3® 0.15¢ 0.19¢ 1.6°
2015

=18 9 16.8° 10.2° 0.19° 0.23° 1.72®

B 24 5k 18.92® 10.3 abe 0.15¢ 0.18° 1.73®
2016

B 18 Uk 18.5% 11.5° 0.20° 0.24® 1.83

BI04 9 19.12 9.8¢ 0.15¢ 0.19¢ 172
2017

=18 9 19.22 11.22 0.23% 0.25% 1.92

=504 5k 18.6 10.5 0.15 0.19 1.7
| N

B 18 18.2 11.0 0.21 0.24 1.8

*ETEEF &R TS R E R FRARIES % LSDiR/ N2 SRR /KE -
*Behind figures of the same column, values with the same letters are not significantly different at 5%
level by Fisher’s protected LSD test.
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5
AR

ST RS 24 SRR

19

g L B H2 EmL @2 @2
R 2 AT ZEE SR SR #6EE e BEE
cm mm
B4 B 17.82  [1.3% 0.15¢ 0.19¢ 1.6° 322 0.19¢
2015 ab
B8 e 16.8" 10.2be 0.19 023" 1.72 290 0.22
BI04 9 18.9%  10.3%  (.15¢ 0.18¢ 172 2.92 0.232
2016 .
BI85 18.5®  115*  020°  024® 1.8 2.9¢ 0.23
B 04 5 19.12 9.8¢ 0.15¢ 0.19¢ 1.7 3.12 0.222
2017 b
EIE 18 9 19.22 11.22 0.23° 0.25° 1.92 312 0.21
=04 9 18.6 10.5 0.15 0.19 1.7 3.1 0.21
RS 0.22
B 18 U 18.2 11.0 0.21 0.24 1.8 2.9 -

*ETEEF &R TS R E R ARIES % LSDiR/ N2 SRR /KE -
*Behind figures of the same column, values with the same letters are not significantly different at 5%
level by fisher’s protected LSD test.



20

=
=/

(4522 /0-2)(Table 4-2 continued)

IR

5 38 H (2019)

%3 B2 %2 %3 %3 %2 53
FE bk HE & v BR BE  EEE EEE
mm cm cm?
E5 24 5% 0.23° 7.0° 2.5° 952 3.7° 12.5¢ 24.6%
2015 a c a a a ab a
EI 188k 0.25 6.1 4.0 8.3 4.5 17.2 26.1
E5 24 98 0.262 8.4¢2 2.5° 9.5% 3.2° 15.3% 21.2°¢
2016 a b a a a a ab
EL I8 0.26 6.9 3.8 8.3 4.3 19.0 24.9
IR 2458 0.25° 6.3 2.3° 9.6° 3.3° 1044 22.1%
2017 a c a a a ab a
EI 18k 0.25 6.0 3.9 8.0 4.6 16.7 25.7
=524 58 0.25 7.3 24 9.1 34 8.6 22.6
Ty
EI 188k 0.25 6.4 3.9 8.2 4.5 11.2 25.5
*ETTRTAR TS REE B R AREE S%LSD fiz/ N2 SR KAE
*Behind figures of the same column, values with the same letters are not significantly different at 5%
level by Fisher’s protected LSD test.
RIL~ B0k 24 SRELETR 18 SRpCERBEMIRGRE IR
Table 5 Analysis of agronomic characteristics of adult leaves of TTES No.24 and TTES No.18
AR FREEE R HE TR
cm mm H
e u a b a b a
=04 58 10.2 3.1 0.4 0.29 19
8.8° 3.6% 0.5 0.35° 20*

SR 18 5F

*EFTBIF & TS R E R TR EE 5%LSD i/ N R K -

*Behind figures of the same column, values with the same letters are not significantly different at 5%

level by Fisher’s protected LSD test.
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2019 FE ap A5t s =4 24 SEslEns s

FoN ~ BEAL 24 SREBIESS 18 SRARAS ALKIEVE e FaE R (2015-2017 4F) (BEAiL © 57)
Table 6 Results of sensory evaluation between green tea and black tea which produced from TTES No.24

and TTES No.18 (2015-2017) (Unit: score)

Z p 7 R i &E

g semvu IZIN 52y K EFR AN &

(10) (10) (20) (30) (30) (100)

2015 BG4 =404 5E 7.5 8.0 16.0 25.5 24.0 81.0

=75 18 58 7.0 7.5 16.0 22.5 22.5 75.5

ERAR S E55 04 5E 7.5 7.5 16.0 25.5 24.0 80.5

E 18 4 8.0 8.0 16.0 255 24.0 81.5

Fh-4T2¢ B4 5 8.0 8.0 16.0 255 24.0 81.5

=25 18 58 7.5 8.0 16.0 24.0 25.5 81.0

S SS =404 5E 7.5 7.5 15.0 25.5 24.0 79.5

=518 5% 7.5 7.5 15.0 22.5 225 75.0

2016 H-1EE BI04 B8 8.0 8.5 17.0 255 24.0 83.0

E 18 B 8.0 8.0 16.0 255 255 83.0

EBAR =424 5E 8.0 8.0 16.0 24.0 24.0 80.0

=518 B 8.0 8.0 16.0 24.0 24.0 80.0

F-412E E5 04k 7.5 7.5 16.0 25.5 24.0 80.5

B 18 B 8.0 8.0 16.0 25.5 255 83.0

LG =224 98 8.0 8.0 17.0 27.0 25.5 85.5

=318 9% 8.0 8.0 16.0. 24.0 24.0 80.0

2017 BG4S =404 5E 8.0 8.0 17.0 24.7 25.5 83.2

27518 58 8.0 8.0 16.0 24.7 25.5 82.2

RS 2524 58 7.5 8.5 16.0 24.0 24.0 80.0

E 18 B 7.5 8.5 16.0 24.0 24.0 80.0

FR-4T2E B4 5 7.5 7.5 17.0 255 255 83.0

=75 18 58 8.5 7.5 17.0 25.5 25.5 85.0

S SS =404 5E 8.5 8.5 17.0 25.5 27.0 86.5

=518 3¢ 7.5 8.5 17.0 27.0 25.5 85.5

Py AR B 24 58 7.8 8.2 16.7 252 24.5 82.4

2% 1858 7.7 7.8 16.0 242 245 80.2

B4R BI04 5 7.7 8.0 16.0 245 24.0 80.2

25518 5% 7.8 8.2 16.0 24.5 24.0 80.5

PR Egc 24 8% 7.7 7.7 16.3 25.5 245 81.7

218 5k 8.0 7.8 16.3 25.0 25.5 83.0

R-4F5E 2524 5% 8.0 8.0 16.3 26.0 255 83.8

=245 18 5% 7.7 8.0 16.0 24.5 24.0 80.2
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Tt~ 20K 24 SRELESR 18 5 A S AR B R &
Table 7 Investigation of kinds and damage degree of diseases and pests in TTES No.24 and TTES No.18

H=E i nng (f)
2 24 5% 24 18 5%
F&H NG TE SR + ++
/INeE & - +
Yo TE - +
H NG TE SR + +
/N R - +
T B ++ +
FeTEHIs + ++
=l /NG TR + ++
/INeE A - +
T d i + +
FREE R ++ -+
FAEER ++ +++
FeEHIs + +
Tk /NG TR + +
N A + +++
£ SN + +
IINEERI - +
RAEEER + +
4 SN g + A+
/INeE A - +
Yo TR - +

ol HEERA o+ ESHUC HF B DB S  fRE
* . no damage; “+”: weak damage; “++”: moderate damage; “+++”: moderately severe damage;
“++++; severe damage
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F2/\ ~ B 24 SRBLESR 18 g4k AR EE R & B 2 LR (B fiz:mg/g DW)
Table 8 Comparisons of chemical component contents between green tea and black tea which produced
from TTES No.24 and TTES No.18 (Unit: mg/g DW)
A mofd () HHRE IR REA] i il
45 EX 24 58 105.4° 243" 25.7%
B 18 4E 171.12 3592 17.8"
I 224 5% 36.1° 28.8° 49.9®
e 275 18 5 56.8° 40.3° 55.1°

*ETTETAR TS REE B R AREE S%LSD fiz/ N2 SR KAE
*Behind figures of the same column, values with the same letters are not significantly different at 5% level
by Fisher’s protected LSD test.

I~ B 24 JRBLESR 18 B HAEE Y LEET
Table 9 Comparisons between TTES No.24 and TTES No.18 for strengths and weaknesses.

oo AE -3 BRI
EOR245 LARSE - LEWEE Iy SR i B oL -
2.pumEREREIE PRSES VeSS SRR CEPI
3REFEER - BIEEH EES -
4R R IR & B - A G AR o
SECREREAME - B RMEEER > 2%
H RS st -
6. BRI Ao
2% 185 L BRIR AR - BB ERAR LB B SRR B R

ZITE 2.5 E G FE R A ] -
2B I 3R A BRSPS -
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Table 10 Participants and their works in breeding process of TTES No.24 (2001-2019)

FR ) TEEE AN
2001~2011 1.5[f# BEE - 8hETT - RS - B
RIEE
2 FEE TR TR E MEIT ~ AR
3ALTEFFERE - REHHEEE B ENEIT C BEE - EE
2012~2014 L g S TS SEESE ~ WURTT
2 fER R - RS ERETT ~ PSR
3B~ FREE(LER T B BRI EURTT ~ B
2015~2018 | B T BEGE - WURTT - RERE
2. A EEEGE, - BOEEH - BEMRE  EURTT - R REE
Pk B AT
3 B ES ELERTT ~ RERL - BFEE
4 LB B ~ WURIT ~ FIER
5.EVE SREESE SO Bl WS
E=GQLT I ET
6 G RRRHT HH 2
TER S - B E S ERRTT ~ RERL
2019 R fEd 4 BRI - - PR

bt e

=
E -V N

2T~ o

RN

Y - SRR
B2k -

- R
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2019 FFREap AR i s 24 St Baes

v
2R 24 5% (Blf5) KE54 18 5% (EG) tEMAURER
Fig. 1. Plant type of TTES No.24 (left) and TTES No.18 (right).

1 S
L
T e

:

B~ Bk 24 5% (BlAE) RE 189 (BH) — L =50

Fig. 2. Leaf bud characteristics of one-bud three-leaf of TTES No.24 (left) and TTES No.18 (right).
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B B o 5 5 P P

e b

E= - =7 24 5% (E/) MEH 185 (EG) —L=ERFEERE
Fig. 3. Blade back characteristics of one-bud three-leaf of TTES No.24 (left) and TTES
No.18 (right).

BV ~ A 24 5% (B4) REAS 18 5% (BIf) RisiEmeiEsy
Fig. 4. Blade face and blade back of adult leaves of TTES No.24 (left) and TTES No.18 (right).
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2019 FFEREap AL AR SRR A% 24 SRR

[~ 2% 24 5% (El/D) KE 18 9% (Blh) SoRpcRINE -~ FEREUK G Z EEE
Fig. 5. Comparisons of appearances, infused leaves and tea liquor colors of green tea which
produced from TTES No.24 (left) and TTES No.18 (right)

o b = b

@S~ 2 24 5% (El/D) KES 18 9% (Blfh) KIRACRINE - TEREUK 2 bEE
Fig. 6. Comparisons of appearances, infused leaves and tea liquor colors of black tea which
produced from TTES No.24 (left) and TTES No.18 (right)
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Taiwan Tea Research Bulletin 38 : 29-50(2019)
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AW5E H ER PR PRGBS R R BOR S E A B (S R
FEME - FIREFR (SR S EIR ~ SRR K PR M AR A 2 275 - At S alants (e )
BFEKEEUGER ~ ERCE ~ RESRE - HLGME « 2208 5t » 25K 12591~ 2K 18 9% ~ 258 19 5%
BT 20 5% o iHsBRdEREUR - AEFEARERR - HVRIEAVER - DB ERRIEFELES

i HEEFBE AR - KBUZSRFEREE - THEFRLREER BFNAER £ PHERE HEIE
M R4 T BB R - SRR B AR SR R R MR A K - Ak BRI B R
FinE A 0 EHUK O ERGIE  BREVER BB ISR ~ (0 B H - Bpa oK EEiar

H5e > BRAEMEL - RERAD > BAHHERE - KBRUUA S ER B NER A TS
Al T EAESREE G REIRE SRR - RERAL - SoRBHTEEER -
BRSRY  KRRUS ~ £F > wE

(g

Al

EBUCRIH R - 323 ~ Sl RRAEFG > (GHEESARES BE R » /et
7%~ BRI ~ BESHLLIZE ~ SRR ~ FERLLLSES ~ IR ~ KRS » Hrp 2 UK RS
Ui 28R 4% > IR AR - KRECHVEAN TS Z 28110k - 2012 F &SR
H HEALR SRS 2 antl > RFRITE USRI TERE PR AT - IR Ryl dH » 2255
18 5% (41K ) KB E H4if KEEME Burma (B-729) BEEE (B-607) HMXMEREN - BA
TAE R HA A » DA AR RO BT T TR B UL ME R R S REE A > thm] DU R B R
R i © ZRSR I RIS R S NE TR EE LR R EE - Bk BRI T - HEH
R ~ 5% - OrfF > DURATRIFHE AR B BIEMFUE TR 5 TIF > 2003 FERIKFEUSTER
IRFEE - SO FE TS ER - T TSRS - TV B4 E (5% - 2003) » K
LU B ok L FRU DB R A ek - AR R ERARRERR E 23 IR » T ELRE S B HA B8 [ 0
BTl o BUKERLLPR B EGSR B Z o B B B » AL BHEE &R > A LIERES
FIFEESFRI O AT > 2015) - HADRERS B ALIER 12 5 E ORRERE - RE
en B (b AR RERY R AT DARH 5% 5 2 B RF AR i $R I B S R - FrLIfR T

I TBIEEZ B GAENRSERDY FIRIIFEEF AR - BIEsTE - 28 =250% -
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il e 5 SR LAS > =IEUCRE A PARARBA S D B SR bHS R -

REEERES bR T A BRI N2 B R AR B LRI B (IR > 20101 855 1993
Huang, 1989 7 1991) - ZRIEME ma PR E £33 Bth ~ & ~ Uk~ 1B FERIRECRAVINBT IR B B0z
BORGIE RBER - ZAR ERENE R A R B 2 B - B - (L) KR RS
fTFTARIE - MSRIEAYE B AR B/ INR I B EERRINDE SRR BT SEY) - 2Tl -

SIZSRI G BiE TR EENEHEY (B2RE > 2005) - HiL - FELEEEFENGHEE S
V) o RIEERIEM BV E - ARG - A/ RS - TR B RN YRR R -

s R S E B S SO - DB ERCRIE » AREIBH - REN BB EREMEIR
{BERRSY - T R AnE - A 1,300 A RDU M REE B B 230 1IEAHR > ARDRE
R IR RN B (BR% > 2009 ~ 2010 5 )5 > 1993 5 R > 1995 5 #ER2fa] » 1995) -
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Evaluation of Shoot Growth and Quality of Yung-Kang
Wild Tea Cultivated in Taitung Lowland

Hun-Yuan Cheng Chin-An Yu'
Summary

The purpose of this study was to investigate the effects of Yung-Kang wild tea on the shoot growth
characteristics and tea quality, and to evaluate its adaptability to the environment. It can provide reference
for breeding resources, economic cultivation and development of new flavor teas. Experimental wild
species and cultivars were including Yung-Kang wild tea, Nan-Fong wild tea, Dah-Yeh Oolong,
Chin-Shin Oolong, TTES No.8, TTES No.12, TTES No.18, TTES No.19 and TTES No.20. According to
the experimental results, Different year and tea seasons, due to differences in climate, affect the growth of
tea shoot, and reach significant differences. The shoot growth of Yung-Kang wild tea was still better,
especially in spring and winter tea. It has good adaptability in lowland cultivation, and it was significant
different from cultivated tea tree. The growth period of tea tree has little effect on tea bud and leaf
characteristics. The quality flavor of green tea made by Yung-Kang wild tea was honey yellow-green and
bright liquor color, possessed green mushroom vegetables aroma and taste, and slightly bitter & sweet
aftertaste. Made of black tea, the liquor color was bright red, the aroma was green mushroom and sweet,
the fruit flavor was rich, the taste was sweet and astringent. The quality characteristics of Yung-Kang wild
tea were different from those of large and small leaf cultivars, and each time the tea was produced, it
could stably present a special flavor, which was a germplasm resource suitable for manufacturing black
tea and green tea.

Key words: Yung-Kang wild tea, Growth, Quality

1. Former Associate Agronomist, Assistant Agronomist Taitung Branch, Tea Research and Extension
Station, Taitung, Taiwan R.O.C.
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Table 1 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the shoot

characteristics in different years

nnfe FRE EREL ¥R P SHGEE it
Leaf Shoot Plucking Internode diameter Internode length
Cultivar Year number length length — - — -
Ist 2nd Ist 2nd
no. cm cm ---mm--- ---cm---
YK 2004 4.6a 13.1c 10.4c 1.57a 1.84b 1.15¢ 1.79¢
2005 4.7a 17.9a 12.2a 1.58a 1.85b 1.54a 2.56a
2006 4.3b 14.5b 10.9b 1.51b 1.82b 1.24bc 2.27b
2013 4.6a 15.1b 11.2b 1.57a 1.94a 1.32b 2.24b
DY 2004 5.5a 16.1c 10.6a 1.78a 2.03a 1.54b 2.27¢
2005 5.4ab 19.7a 11.1a 1.72b 1.98b 1.73a 2.89%a
2006 4.9b 17.4b 10.9a 1.67¢ 1.92¢ 1.50b 2.57b
CH 2004 5.2a 12.2b 8.4b 1.64a 1.82a 1.05¢ 1.60c
2005 5.1a 16.0a 9.2a 1.61a 1.82a 1.35a 2.15a
2006 4.5b 12.7b 8.7b 1.56b 1.74b 1.13b 1.81b
T12 2004 6.0a 17.5d 10.1¢c 1.76a 1.99b 1.46b 2.20c
2005 5.9a 22.8a 10.9a 1.70a 2.01ab 1.71a 2.76a
2006 5.4b 19.8b 10.5bc 1.65b 1.87¢ 1.51b 2.58b
2013 5.4b 18.7¢ 10.9ab 1.78a 2.04a 1.53b 2.52b
YKL 2011 4.0a 15.0a 10.6a 1.58b 1.94b 1.51a 2.42a
2012 4.0a 14.5ab 9.8b 1.55b 1.89bc 1.18bc 1.95bc
2013 3.8a 14.4ab 10.1b 1.54b 1.87¢ 1.28b 2.14b
2014 4.0a 14.3ab 10.1b 1.67a 2.05a 1.33b 2.06bc
2015 4.0a 13.8b 9.7b 1.57b 1.91bc 1.10c 1.87¢
YKO 2011 4.0a 15.5a 10.9a 1.54a 1.86ab 1.64a 2.55a
2012 4.0a 14.5¢ 10.5ab 1.47b 1.80bc 1.22bc 2.08b
2013 4.1a 15.4ab 10.8a 1.44b 1.75¢ 1.35b 2.37a
2014 4.0a 14.6bc 10.2b 1.56a 1.93a 1.18¢ 2.04b
2015 4.0a 13.0d 9.1c 1.46b 1.81bc 0.98d 1.69¢
NF 2011 3.9a 15.3a 10.7a 1.59a 1.91ab 1.38a 2.42a
2012 3.9a 15.0a 10.3ab 1.55a 1.85b 1.04c 1.93b
2013 3.8a 15.1a 10.7ab 1.68a 1.87b 1.22b 2.17ab
2014 3.9a 14.5a 10.4ab 1.66a 1.96a 1.15bc 1.98b
2015 3.9a 14.5a 10.1b 1.62a 1.90ab 1.08bc 1.92b
T8 2011 4.5a 17.8a 10.9a 1.95b 2.34a 1.65a 2.68a
2012 4.5a 17.2a 10.2b 1.70d 2.08¢c 1.25¢ 2.45ab
2013 4.3b 17.2a 10.6ab 1.90bc 2.27b 1.46b 2.50ab
2014 4.6a 17.7a 10.4b 2.04a 241a 1.40b 2.35b
2015 4.1b 14.7b 9.5¢ 1.87¢ 2.22b 1.20c 1.99¢
T18 2011 4.5a 16.1a 9.7a 1.88b 2.22ab 1.58a 2.51a
2012 4.5a 15.2a 9.2b 1.84b 2.16b 1.16¢c 1.95¢
2013 4.2b 14.5b 9.5ab 1.86b 2.20b 1.39b 2.36a
2014 4.6a 16.1a 9.2b 1.94a 2.28a 1.25¢ 2.14b
2015 4.1b 13.5¢ 8.7¢c 1.86b 2.20b 1.18¢ 2.01bc
T19 2011 4.5a 14.7a 8.7a 1.68a 1.90ab 1.48a 241a
2012 4.6a 14.4a 8.3b 1.63b 1.88abc 1.20bc 2.07b
2013 4.3b 14.2ab 8.7a 1.59b 1.83¢ 1.40a 2.27a
2014 4.3b 13.5b 8.4b 1.69a 1.93a 1.24b 2.08b
2015 3.9¢c 11.5¢ 7.9¢c 1.62b 1.86bc 1.14¢ 1.93b
T20 2011 4.6b 16.7a 8.7a 1.61b 1.91ab 1.28a 2.38a
2012 4.8a 15.9ab 8.3b 1.57b 1.87b 1.02¢ 1.97¢
2013 4.4b 15.4ab 8.7a 1.60b 1.89ab 1.18ab 2.20b
2014 4.5b 14.6b 8.5ab 1.66a 1.93a 1.09bc 2.05bc
2015 4.1c 12.6¢ 7.7¢ 1.59b 1.87b 1.06¢ 1.89¢

TR HITHHEEE CFREFOREEARE 5% BHE - Values followed by the same letters are not significant at 0=0.05.
YK: Yung-Kang wild tea; DY: Dah-Yeh Oolong; CH: Chin-Shin Oolong; T12: TTES No. 12

NF: Nan-Fong wild tea; T8: TTES No. 8; T18: TTES No. 18; T19: TTES No. 19; T20: TTES No. 20

L: lanceolate; O: oval-shaped
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Table 2 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the shoot

characteristics in different tea seasons

a8 s ERH T DRI e RS
Tea Leaf Shoot Plucking Internode diameter Internode length
Cultivar season number length length — . — —
1st 2nd 1st 2nd
no. cm cm ---mm--- -—-CM---
YK 5 4.4b 14.1b 11.4b 1.60a 1.89a 1.16¢ 1.87¢c
=i 4.5b 16.3a 11.9a 1.50b 1.83b 1.43a 2.49a
Tk 5.1a 16.1a 10.7¢ 1.61a 1.91a 1.37ab 2.25b
% 4.1c 14.2b 10.7¢ 1.52b 1.82b 1.31b 2.24b
DY = 5.4b 14.0c 10.0¢c 1.71b 1.98b 1.30c 1.96d
B 5.5ab 20.7b 12.7a 1.79a 2.05a 2.03a 3.28a
KK 6.0a 22.0a 11.7b 1.80a 2.06a 1.83b 2.93b
S 4.4c 14.4¢ 9.0d 1.60c 1.83¢ 1.20c¢ 2.14¢
CH & 5.2b 11.0b 8.3¢ 1.62ab 1.83b 1.01c 1.46¢
B 4.9c¢ 16.6a 10.8a 1.66a 1.88a 1.66a 2.59a
K 5.7a 16.5a 9.0b 1.61b 1.84ab 1.26b 2.00b
% 4.1d 10.4b 7.1d 1.50c 1.65¢ 0.78d 1.37¢
TI2 E=) 5.8b 17.5¢ 11.0b 1.71b 1.99b 1.51b 2.45b
= 5.6¢ 24.1a 13.1a 1.86a 2.14a 2.21a 3.54a
KK 6.4a 22.7b 9.9¢ 1.73b 1.98b 1.48b 2.32b
X 4.8d 14.5d 8.3d 1.58¢ 1.80c 1.01c 1.75¢
YKL & 3.5¢ 13.0b 10.3bc I.61a 1.93a 1.09de 1.64c
=5 3.8¢cd 16.0a 11.4a 1.59a 1.98a 1.61a 2.63a
= 4.2ab 16.0a 10.4b 1.59a 1.96a 1.41b 2.45a
H1 4.4a 15.5a 9.9bc 1.63a 1.98a 1.23cd 2.06b
KK 4.0bc 13.9b 9.8¢ 1.58a 1.94a 1.37bc 2.17b
S 3.7de 11.7¢ 8.8d 1.49b 1.80b 0.96¢ 1.59¢
YKO %E 3.7d 13.2¢ 10.8b 1.54a 1.89a 1.11d 1.72¢
4.0c 16.6ab 11.5a 1.47bc 1.87a 1.54a 2.69a
= 4.4a 16.9a 10.6b 1.53ab 1.86a 1.46ab 2.53a
21 4.3ab 15.7b 10.0c 1.54a 1.87a 1.35bc 2.31b
Tk 4.1bc 13.6¢ 9.7¢cd 1.45¢ 1.77b 1.26d 2.14b
S 3.7d 11.6d 9.1d 1.42¢ 1.73b 0.93e 1.49d
NF %E 3.7bc 13.4c 10.4bc 1.62ab 1.91b 1.12b 1.69¢c
4.0a 17.3a 11.9a 1.67ab 2.01a 1.49a 2.69a
=1 4.0a 16.8a 10.8b 1.58ab 1.90bc 1.28b 2.51a
21 4.1a 15.4b 10.1c 1.59ab 1.88bc 1.11b 2.06b
Tk 3.9ab 14.5bc 10.2bc 1.72a 1.88bc 1.19b 2.17b
=S 3.5¢ 11.9d 9.4d 1.53b 1.83¢c 0.87¢ 1.39d
T8 %% 4.2bc 14.4d 9.9¢ 1.84c 2.25b 1.09¢ 1.79d
4.6a 19.9a 11.8a 2.03a 2.46a 1.65a 2.84b
= 4.7a 20.0a 11.2b 2.00ab 2.40a 1.72a 3.20a
21 4.7a 18.4b 10.2¢ 1.79cd 2.14c 1.48b 2.60bc
K 4.4b 16.2¢ 10.1¢ 1.96b 2.31b 1.44b 2.32¢
X 4.0c 12.5¢ 8.8d 1.73d 2.05d 0.98¢ 1.60d
TI8 %E 4.2b 13.6d 9.3¢c 1.78d 2.18¢ 1.20c 1.89d
4.5a 18.5a 11.2a 2.03a 2.41a 1.75a 3.02a
= 4.5a 17.5b 10.0b 1.99ab 2.30b 1.59b 2.77b
21 4.4a 15.1c 8.6d 1.94b 2.25b 1.28¢ 2.16¢
Tk 4.5a 14.1d 8.6d 1.85¢ 2.16¢ 1.22¢ 1.98cd
S 4.1b 11.5¢ 7.9¢ 1.68¢ 1.97d 0.84d 1.35¢
TI19 %E 43¢ 12.9d 8.6b 1.59¢ 1.89b 1.21c 2.03d
4.6a 16.4b 9.5a 1.71a 1.98a 1.63a 2.65b
=] 4.5ab 17.2a 9.6a 1.75a 1.99a 1.69a 2.99a
21 4.3bc 14.5¢ 8.4b 1.66b 1.86bc 1.36b 2.34c
Pk 4.2¢ 11.7¢ 7.6¢ 1.63bc 1.82¢ 1.16¢ 1.75¢
S 3.8d 9.3f 6.6d 1.52d 1.74d 0.70d 1.14f
T20 %E 4.1c 12.5¢ 8.6b 1.62b 1.93bc 1.11b 2.00c
4.5b 16.6b 9.6a 1.64b 1.96b 1.44a 2.69a
B 4.9a 20.5a 9.4a 1.70a 2.03a 1.55a 2.78a
21 4.9a 17.9b 8.4b 1.60b 1.88¢ 1.20b 2.29b
Pk 4.5b 12.8¢ 7.5¢ 1.54¢ 1.81d 0.91c 1.77d
A 3.9¢ 8.9d 6.8d 1.52¢ 1.75¢ 0.55d 1.07¢

AT E X F R B R o BE -

Values followed by the same letters are not significant at a=0.05.
The abbreviations of cultivar are same as table 1.
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Table 3 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the shoot

characteristics in the spring-tea season
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FEH Gold ER# & PRI SRS =
Growth Leaf Shoot Plucking Internode diameter Internode length
stage Cultivar number length length — - — -
Ist 2nd Ist 2nd

no. cm cm ---mm--- ---CM---
SHARER YK 3.5b 10.7a 9.0a 1.63a 1.89a 0.66a 0.99a
Young DY 3.9a 6.8b 5.9b 1.57a 1.80ab 0.51b 0.64b
stage CH 3.7ab 5.9b 5.4b 1.58a 1.79b 0.44b 0.49¢
ESpr T12 3.7ab 6.7b 6.0b 1.64a 1.87ab 0.63a 0.63b
Spr YK 4.5¢ 14.3b 11.4a 1.63b 1.90b 1.14c 1.76¢
DY 5.4b 14.0b 10.0c 1.71a 1.98a 1.30b 1.96b
CH 5.2b 11.0c 8.3d 1.62b 1.83¢ 1.01d 1.46d
T12 6.1a 17.3a 10.8b 1.72a 2.00a 1.52a 2.47a
BEARHE YK 4.1c 12.6b 10.5ab 1.58c 1.87c 0.94b 1.45¢
Mature DY 4.7b 13.2b 10.1b 1.82a 2.15a 1.45a 2.18b
stage CH 4.5b 10.6¢ 8.2¢ 1.69b 1.96b 1.04b 1.53¢
ESpr TI12 5.4a 16.6a 11.0a 1.78a 2.08a 1.62a 2.58a
Spr YK 3.7b 13.3b 11.1a 1.53b 1.87b 1.17b 1.86¢
DY 4.5a 13.6b 10.1b 1.65a 1.95a 1.34a 2.19b
CH 4.5a 11.2¢ 8.5¢ 1.57b 1.83b 1.05b 1.76¢
T12 4.4a 15.3a 10.2b 1.69a 1.97a 1.45a 2.51a
HIARH YKL 3.5¢ 14.3ab 10.9a 1.69¢ 2.06¢ 1.40a 2.11a
Young YKO 3.8¢ 13.7b 11.0a 1.60d 1.95¢ 1.27ab 1.84bc
stage NF 4.0b 14.4ab 10.7ab 1.65¢cd 1.98de 1.17b 1.85bc
ESpr T8 4.4a 14.6a 10.4b 1.96a 2.41a 1.32ab 1.92abc
T18 4.4a 13.9ab 9.4c 1.83b 2.23b 1.20b 1.80c
T19 4.4a 12.6¢ 8.7d 1.66cd 1.95¢ 1.24ab 1.99abc
T20 4.1b 12.5¢ 8.4d 1.69¢ 2.03cd 1.26ab 2.10ab
Spr YKL 3.9b 14.9¢ 10.3bc 1.58d 1.93d 1.47b 2.17¢
YKO 3.7b 14.8¢c 11.0ab 1.48¢ 1.88d 1.52b 2.39¢
NF 3.7b 16.8ab 11.5a 1.67¢ 1.97d 1.52b 2.82ab
T8 4.7a 17.9a 11.3a 2.04a 2.51a 1.53b 2.46bc
T18 4.4a 17.3ab 10.8ab 2.02a 2.39b 1.64ab 2.89a
T19 4.5a 16.4b 9.7¢ 1.83b 2.11c 1.85a 2.86ab
T20 4.3a 17.0ab 9.4c 1.75b 2.10c 1.55b 2.85ab
ARHE YKL 3.6bc 12.0ab 9.5abc 1.59bc 1.87b 0.87a 1.30b
Mature  YKO 3.8abc  12.5a 10.2a 1.50¢ 1.84b 0.96a 1.41ab
stage NF 3.5¢ 12.8a 10.0ab 1.65b 1.90b 1.05a 1.42ab
ESpr T8 4.0a 12.9a 9.1bcd 1.79a 2.16a 091a 1.46ab
T18 4.1a 12.1ab 8.7¢cd 1.83a 2.17a 1.01a 1.72a
T19 4.0a 11.3ab 8.1de 1.60bc 1.91b 1.11a 1.70a
T20 3.9ab 10.7b 7.6e 1.64b 1.93b 0.90a 1.49ab
Spr YKL 3.5d 13.7ab 10.7a 1.64b 1.97b 1.25a 1.84a
YKO 3.8bc 14.4a 10.8a 1.53¢ 1.89b 1.23a 2.07a
NF 3.8cd 14.3a 11.0a 1.68b 1.96b 1.21a 1.89a
T8 4.0ab 15.0a 10.1ab 1.89a 2.29a 1.18a 1.99a
T18 4.1a 15.0a 9.6bc 1.87a 2.27a 1.28a 2.11a
T19 4.3a 13.8ab 8.8cd 1.62b 1.92b 1.23a 2.10a
T20 4.1a 12.8b 8.7d 1.67b 1.94b 1.06a 1.91a

P ETAMRF ST RE TR A RARE 5h B -

Values followed by the same letters are not significant at a=0.05.

Espr: Early spring; Spr: Spring

The abbreviations of cultivar are same as table 1.
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Table 4 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the shoot
characteristics in the summer-tea season

EEV=3: Y HRE R PR (SIS =
Growth Leaf Shoot Plucking Internode diameter Internode length
stage Cultivar number length length — - — -
Ist 2nd Ist 2nd
no. cm cm ---mm--- ---CMm---
SREA YK 4.4b 15.7d 11.8b 1.48d 1.78d 1.41c 2.45¢
Young DY 5.5a 20.7b 12.7a 1.79b 2.05b 2.03a 3.28b
stage CH 4.9b 16.6¢ 10.8¢ 1.66¢ 1.88¢c 1.66b 2.59¢
Sum 1st T12 5.8a 25.2a 13.1a 1.85a 2.12a 2.17a 3.51a
Sum2nd YK 6.5¢ 20.0c 10.8b 1.62¢ 1.89b 1.08¢ 1.84c¢
DY 6.6bc 24.9b 12.1a 1.85a 2.07a 1.60a 2.85a
CH 6.9b 21.1c 9.4c 1.63bc 1.84b 1.19b 2.00bc
T12 8.0a 28.1a 9.8¢ 1.69b 1.88b 1.27b 2.12b
B AREA YK 3.6¢ 13.4b 11.2ab 1.52b 1.85¢ 1.41bc 2.31b
Mature DY 4.3ab 16.3a 11.5a 1.70a 2.04a 1.81a 3.19a
stage CH 4.5b 12.3b 9.3¢c 1.66a 1.94b 1.26¢ 1.88¢
Sum Ist TI12 4.7a 15.9a 10.5b 1.67a 1.97ab 1.49b 2.97a
Sum2nd YK — — 7.6b 1.56¢ 1.83¢ 0.71b 1.10b
DY — — 9.5a 2.13a 2.34a 1.25a 1.59a
CH — - 7.0b 1.81b 2.01b 0.90b 1.23b
T12 — — 8.7a 1.84b 2.03b 1.19a 1.62a
RN YKL 4.4d 18.4b 11.3bc 1.58d 1.96b 1.59ab 2.89ab
Young YKO 4.4d 18.2b 11.5ab 1.50e 1.84c¢ 1.60ab 2.86b
stage NF 4.4d 19.6ab 12.0a 1.64cd 1.96b 1.39b 2.77b
Sum 1st T8 4.6cd 20.2a 11.5ab 1.99a 2.37a 1.67a 341a
T18 4.7bc 19.0ab 10.7¢ 2.02a 2.33a 1.70a 3.94ab
T19 5.1a 19.1ab 9.7d 1.75b 2.02b 1.70a 2.78ab
T20 5.0ab 19.3ab 9.8d 1.70bc 2.03b 1.57ab 2.89ab
Sum2nd YKL 4.6¢ 16.7¢ 10.6ab 1.61c 1.96b 1.49¢cd 2.44bc
YKO 4.4c¢ 17.2¢ 11.0a 1.61c 1.95b 1.71ab 2.90a
NF 4.0d 16.2¢ 10.6ab 1.56¢d 1.91b 1.40d 2.66ab
T8 5.0b 20.5b 10.4b 1.49d 1.88b 1.58bc 291a
T18 4.3cd 16.6¢ 9.6¢ 1.98a 2.27a 1.74a 2.66ab
T19 5.0b 17.9bc 8.9d 1.72b 1.89b 1.42d 2.50bc
T20 5.5a 24.1a 8.7d 1.61c 1.89b 1.22¢ 2.25¢
B AEA YKL 4.1bc 15.9cd 11.0b 1.56¢ 1.93b 1.29de 2.32cd
Mature YKO 4.1bc 15.2¢cd 10.2b 1.44d 1.79¢ 1.24de 2.20d
stage NF 4.0c 16.2bc 10.9a 1.59¢ 1.93b 1.15¢ 2.27cd
Sum 1st T8 4.6a 19.0a 11.2a 2.02a 2.41a 1.71a 2.79a
T18 4.6a 17.3b 10.0b 1.97a 2.32a 1.45bc 2.65ab
T19 4.4ab 14.9d 9.0c 1.68b 1.90b 1.49b 2.50bc
T20 4.5a 16.0cd 8.9¢ 1.61bc 1.90b 1.32¢d 2.45bcd
Sum2nd YKL 4.4bc 15.6b 9.7c 1.67bc 2.05b 1.21c 2.09¢
YKO 4.6ab 16.5b 7.8bc 1.63¢ 1.98b 1.26bc 2.14bc
NF 4.1c 15.7b 10.3ab 1.68bc 1.99b 1.20c 2.20bc
T8 4.8a 19.4a 10.6a 2.08a 2.45a 1.49a 2.65a
T18 4.7ab 16.4b 9.0d 2.10a 2.42a 1.33abc  2.26bc
T19 4.4bc 15.2b 8.7d 1.76b 2.00b 1.42ab 2.58a
T20 4.9a 18.2a 8.7d 1.75b 2.06b 1.38abc  2.45ab

RHEATAMESESCE RO RERRE 5% B -

Values followed by the same letters are not significant at 0=0.05.
Sum: Summer

The abbreviations of cultivar are same as table 1.
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Table 5 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the shoot

characteristics in the autumn-tea season

FEH dnfE mRE R PR SRS BT
Growth Leaf Shoot Plucking Internode diameter Internode length
stage Cultivar number  length length — - — _
Ist 2nd Ist 2nd
no. cm cm -—-mm--- ---CM---
REHE YK 5.3d 16.1b 10.3b 1.61d 1.89¢ 1.25¢ 2.07b
Young DY 6.0b 22.0a 11.3a 1.88a 2.12a 1.66a 2.62a
stage CH 5.7¢ 16.5b 8.7d 1.70c 1.91c 1.14¢ 1.80¢
Aut Ist  TI12 6.5a 22.6a 9.5¢ 1.76b 2.00b 1.43b 2.10b
Aut2nd YK 4.4c 12.9bc 9.8a 1.52¢ 1.79¢ 1.10b 1.85b
DY 4.9b 13.7b 9.6a 1.73a 1.97a 1.30a 2.15a
CH 4.8b 11.3¢ 7.6¢ 1.55¢ 1.72d 0.92¢ 1.51c
T12 5.4a 16.4a 9.0b 1.64b 1.87b 1.22ab 2.15a
RHE YK 4.4c¢ 14.5¢ 10.8a 1.56a 1.86ab 1.30ab 2.24b
Mature DY 4.9bc 17.9b 11.0a 1.62a 1.89a 1.48a 2.69a
stage CH 5.0ab 14.7¢ 8.8b 1.57a 1.78ab 1.02c 1.83c
Aut2nd TI2 5.4a 20.5a 9.7b 1.51a 1.74b 1.14bc 2.52ab
SARHE YKL 43ab 145abc 10.2a 1.62bcd  1.96b 1.41abc  2.22bc
Young YKO 4.4ab 15.4abc 10.2a 1.44¢ 1.72d 1.61ab 2.66ab
stage NF 4.1b 14.9abc 10.2a 1.53de 1.77cd 1.28¢ 2.03¢c
Aut st T8 4.3ab 16.7a 10.1a 1.99a 2.29a 1.70a 2.77a
T18 4.6a 14.1bc 8.3b 1.73b 2.00b 1.33bc 2.20bc
T19 4.0b 13.2¢ 8.7b 1.72bc 1.93bc 1.61ab 2.57ab
T20 4.6a 16.3ab 8.5b 1.59cd 1.90bcd  1.4labc  2.65ab
Aut2nd YKL 4.4c 15.1bc 10.3ab 1.62d 1.98¢c 1.44b 2.32bc
YKO 4.5¢ 14.9¢ 10.2b 1.53¢ 1.85¢ 1.49ab 2.29bc
NF 4.1d 15.4bc 10.4ab 1.64d 1.94c¢d 1.32b 2.34ab
T8 4.8ab 17.9a 10.8a 2.06a 2.44a 1.65a 2.56a
T18 5.0a 16.1b 9.0c 1.96b 2.27b 1.39b 2.10cd
T19 4.7bc 13.4d 8.1d 1.74¢ 1.93cd 1.32b 1.95d
T20 4.8ab 14.4cd 8.0d 1.60d 1.88de 1.05¢ 1.94d
BeAREE YKL 3.9b 13.6bcd 9.4a 1.57bcd  1.90c 1.26ab 1.98ab
Mature  YKO 3.9b 13.4bcd 9.6a 1.44d 1.76d 1.15bc 2.08a
stage NF 3.9b 14.3abc 9.7a 1.78abc  1.79d 0.94d 1.93ab
Aut Ist T8 4.2b 15.8a 9.7a 1.92a 2.24a 1.35a 2.17a
T18 4.1b 12.8cd 8.1b 1.81ab 2.09b 1.09bcd  1.80b
T19 4.1b 12.6d 7.8b 1.58bcd  1.77d 1.23ab 1.97ab
T20 4.6a 14.6ab 7.8b 1.50cd 1.77d 1.00cd 2.00ab
Aut2nd YKL 3.8¢c 13.0bc 9.6a 1.58b 1.93¢ 1.34a 2.05a
YKO 3.9bc 13.3bc 9.7a 1.43¢ 1.73¢ 1.14a 2.03a
NF 3.7¢ 13.6b 10.1a 1.56b 1.86¢cd 1.25a 1.98a
T8 4.6a 16.0a 9.6a 1.84a 2.19a 1.28a 2.23a
T18 4.4a 13.9b 8.7b 1.77a 2.06b 1.17a 2.06a
T19 3.8¢c 10.8d 7.5¢ 1.59b 1.81de 1.17a 1.69b
T20 4.2ab 12.0d 7.5¢ 1.56b 1.81de 0.92b 1.65b

RPETAMRFS T REFTORARARE 5h B -

Values followed by the same letters are not significant at a=0.05.

Aut: Autumn

The abbreviations of cultivar are same as table 1.
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Table 6 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the shoot

characteristics in the winter-tea season

AEW A BERE FR PR E IR EfifE &
Growth Leaf Shoot Plucking Internode diameter Internode length
stage Cultivar ~ number length length — - — -
st 2nd Ist 2nd
no. cm cm ---mm--- ---cm---
SIKREE YK 4.0c 14.6a 10.9a 1.50c 1.80ab 1.35a 2.37a
Young DY 4.4b 14.4a 9.0b 1.60a 1.83a 1.20b 2.14b
stage CH 4.1c 10.4b 7.1d 1.50¢ 1.65¢ 0.78d 1.37d
T12 4.7a 15.1a 8.5¢ 1.55b 1.77b 1.01c 1.80c
SARHE YKL 3.9b 12.6ab 8.9bc 1.48cd  1.81bc  1.05abc  1.73ab
Young YKO 3.8bc 12.8ab 9.7a 1.42d 1.73d 1.15a 1.76a
stage NF 3.6¢ 12.1ab 9.3ab 1.57b 1.87b 0.99¢ 1.52bed
T8 4.2a 13.5a 9.2ab 1.76a 2.09a 1.12ab 1.76a
T18 43a 13.1ab 8.4c 1.72a 2.03a 1.01bc 1.58abc
T19 4.3a 11.3¢ 7.3d 1.58b 1.80bed  0.97c 1.51cd
T20 4.2a 11.5¢ 7.4d 1.53bc 1.78¢cd  0.70d 1.36d
BARHEE YKL 3.7ab 11.7a 8.9ab 1.56b 1.88bc 0.90a 1.56a
Mature  YKO 3.8ab I1.1a 8.6b 1.46¢ 1.82bc  0.72b 1.19b
stage NF 3.6b 12.6a 9.8a 1.63b 1.91b 0.87ab 1.49ab
T8 3.8ab 11.6a 8.7b 1.83a 2.13a 0.90ab 1.51a
T18 4.0a 11.0a 8.0b 1.77a 2.06a 0.82ab 1.29ab
T19 3.7ab 8.0b 6.1c 1.56b 1.79¢ 0.47¢ 0.83¢
T20 3.6b 8.9b 6.7c 1.59b 1.81bc 0.49¢ 0.87¢

RPETAMERSOCE R RORZTRE 5% BE -
Values followed by the same letters are not significant at 0=0.05.
The abbreviations of cultivar are same as table 1.
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Table 7 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the leaf
agronomic characteristics in different years

B R TR S TR 3=
Leaf length Leaf width Leaf area Leaf thickness
Cultivar  Year - = - = - = - =
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
--cm-- --cm-- --cm?-- --mm--
YK 2004 6.9b 7.7¢c 2.4b 2.9b 11.7b 16.0c 0.203a 0.238a
2005 7.9a 9.2a 2.7a 3.3a 14.9a 21.3a 0.195b 0.224b
2006 6.8b 7.9bc 2.3b 2.9b 11.2b 16.5bc 0.185¢ 0.215¢
2013 6.9b 8.2b 2.3b 3.0b 11.5b 17.4b 0.193b 0.227b
DY 2004 6.2b 7.1b 2.3b 2.9ab 10.0b 14.5b 0.270a 0.319a
2005 6.5a 7.6a 2.4a 3.0a 11.0a 16.1a 0.249b 0.293b
2006 6.0b 7.0b 2.3b 2.8b 9.5b 14.1b 0.248b 0.295b
CH 2004 5.1b 5.8b 1.9b 2.2b 6.8b 9.1b 0.263a 0.310a
2005 5.4a 6.3a 2.0a 2.4a 7.7a 10.8a 0.236b 0.276b
2006 5.0b 5.7b 1.8b 2.2b 6.4b 8.8b 0.240b 0.282b
T12 2004 5.6b 6.6¢ 2.4b 3.0b 9.5b 14.4b 0.246a 0.287a
2005 5.8a 7.2a 2.5a 3.2a 10.4a 16.5a 0.224¢ 0.254d
2006 5.3¢ 6.4c 2.4b 3.1b 8.8¢c 14.4b 0.225¢ 0.260c¢
2013 5.6b 6.9b 2.4b 3.1b 9.6b 15.5a 0.235b 0.273b
YKL 2011 7.4a 8.7a 2.5a 3.0a 13.3a 18.6a 0.195bc 0.226b
2012 6.8b 8.2b 2.3b 2.8b 11.2b 16.5b 0.194¢ 0.226b
2013 6.8b 8.3ab 2.3b 2.9ab 11.2b 17.3ab 0.196bc 0.227b
2014 7.0b 8.3ab 2.3b 2.8b 11.5b 16.7b 0.200a 0.234a
2015 6.7b 8.0b 2.2b 2.7b 10.8b 15.8b 0.199ab 0.230ab
YKO 2011 7.5a 8.7a 2.6a 3.2a 14.0a 19.7a 0.192abc  0.224ab
2012 7.3ab 8.3b 2.5b 3.0a 12.9b 18.0b 0.194ab 0.226ab
2013 7.1ab 8.7ab 2.5b 3.2a 12.5b 19.0ab 0.188¢ 0.221b
2014 7.0b 8.5ab 2.4b 3.1a 12.3b 18.4ab 0.198a 0.230a
2015 6.2¢ 7.4c 2.2¢ 2.8b 9.6¢ 14.6¢ 0.190bc 0.219b
NF 2011 7.4a 8.7a 2.5a 3.0a 13.3a 18.8a 0.195ab 0.227abc
2012 7.3ab 8.4ab 2.3b 2.8b 12.1b 16.7bc 0.196ab 0.223bc
2013 7.3ab 8.7a 2.4ab 3.0a 12.6ab 18.3ab 0.193b 0.222¢
2014 7.2ab 8.4ab 2.4ab 2.9ab 12.2ab 17.2abc  0.196ab 0.230a
2015 7.0b 8.1b 2.3b 2.8b 11.5b 16.1c 0.198a 0.229ab
T8 2011 7.1a 8.9a 3.1a 4.0a 15.6a 25.1a 0.177ab 0.201ab
2012 6.6¢c 8.5a 3.0a 3.8a 13.0c 22.8b 0.180a 0.202ab
2013 6.9ab 8.8a 2.9a 3.9a 14.2b 24.4ab 0.176b 0.198b
2014 6.8bc 8.8a 2.9a 4.0a 14.1bc 24.7ab 0.177ab 0.203a
2015 6.3d 7.8b 2.7b 3.5b 11.9d 19.5¢ 0.179ab 0.214a
T18 2011 6.1a 7.4a 2.7a 3.3a 11.7a 17.2a 0.190a 0.217ab
2012 5.9b 7.0bc 2.5b 3.1bc 10.4b 15.4bc 0.189a 0.213b
2013 5.8b 6.9¢c 2.5b 3.0c 10.6b 15.1¢c 0.192a 0.216ab
2014 5.8b 7.2ab 2.5b 3.2ab 10.3b 16.6ab 0.190a 0.218a
2015 5.5¢ 6.6d 2.3c 2.9d 9.1c 13.7d 0.190a 0.218a
T19 2011 5.3a 6.5a 2.3a 2.9a 8.5a 13.1a 0.217ab 0.252b
2012 5.0b 6.4ab 2.1b 2.7b 7.4b 12.4ab 0.213b 0.249b
2013 5.1ab 6.5a 2.1b 2.8ab 7.8b 13.0a 0.214b 0.249b
2014 5.0b 6.2b 2.1b 2.7b 7.5b 11.9b 0.218ab 0.260a
2015 4.8¢ 5.7¢ 1.9¢ 2.3¢ 6.6¢ 9.6¢ 0.222a 0.259%a
T20 2011 5.3a 6.5ab 2.2a 2.7a 8.3a 12.5a 0.232a 0.271ab
2012 5.2a 6.3b 2.1b 2.6a 7.6b 11.8ab 0.224b 0.266bc
2013 S5.1a 6.6a 2.0b 2.7a 7.5b 12.5a 0.225b 0.264c¢
2014 5.2a 6.3ab 2.1b 2.6a 7.8ab 11.5b 0.230ab 0.273a
2015 4.6b 5.6¢ 1.8¢ 2.3b 6.1c 9.2¢ 0.228ab 0.268abc

R E(TAMERFE A EE RN AR E 5h B -
Values followed by the same letters are not significant at a=0.05.
The abbreviations of cultivar are same as table 1.
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Table 8 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the leaf

agronomic characteristics in different tea seasons

RE

TR

T

TR

=

[mim = =y =)
Tea Leaf length Leaf width Leaf area Leaf thickness
Cultivar season _ — _ — — — _ =
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
--cm-- --cm-- --cm°-- --mm--
YK %= 7.6a 8.7a 2.6a 3.2a 14.3a 19.9a 0.193b 0.226b
=1 7.3b 8.8a 2.4bc 3.1b 12.3b 19.0a 0.181c 0.213¢
Pk 6.8¢ 8.1b 2.3¢ 2.9¢ 11.1¢c 16.7b 0.211a 0.244a
% 6.9¢c 7.5¢ 2.4b 3.0bc 11.6bc 15.5b 0.192b 0.221b
DY = 6.4b 7.1b 2.2b 2.7¢c 10.2b 13.7¢ 0.258b 0.306a
=] 7.0a 8.4a 2.6a 3.2a 12.6a 19.2a 0.259b 0.308a
K 6.1c 7.4b 2.2b 2.9b 9.5b 15.3b 0.267a 0.313a
S 5.4d 6.0c 2.3b 2.7¢ 8.5¢ 11.6d 0.238¢c 0.283b
CH &= 5.4b 5.8b 1.9b 2.2b 7.3b 9.0b 0.252a 0.299a
=1 5.9a 7.1a 2.1a 2.6a 8.7a 12.6a 0.249a 0.295a
Pk 4.8c 5.9b 1.7d 2.2b 5.9¢ 9.5b 0.252a 0.300a
% 4.6d 4.9¢ 1.8¢ 2.1b 5.8¢ 7.3¢ 0.231b 0.265b
TI2 = 6.2a 7.5b 2.6a 34a 11.5a 17.8b 0.234a 0.274a
=} 6.2a 7.9a 2.6a 34a 11.1a 19.0a 0.235a 0.270a
K 5.1b 6.3¢c 2.2b 2.9b 8.0b 13.1¢c 0.237a 0.272a
S 4.8¢ 5.5d 2.2b 2.8b 7.6b 10.9d 0.224b 0.259b
YKL %% 7.7a 8.4b 2.5a 3.0ab 13.9a 18.2b 0.193bc  0.225bc
7.6a 9.3a 2.5a 3.1a 13.5a 20.5a 0.197ab  0.229ab
=1 6.7b 8.6b 2.3b 2.9b 11.0b 17.1b 0.200a 0.231a
BH1 6.6bc 8.5b 2.2bc 2.9b 10.4b 17.4b 0.198a 0.232a
K 6.7b 7.9¢ 2.2bc 2.7¢ 10.6b 15.1¢c 0.200a 0.232a
28 6.3c 7.2d 2.1c 2.6¢ 10.0b 13.5¢ 0.192¢ 0.223¢
YKO %% 7.8a 8.9ab 2.7a 33a 14.8a 20.8a 0.186¢ 0.216de
7.6a 9.2a 2.5ab 3.3a 13.7a 21.1a 0.183¢ 0.214e
=1 7.1b 8.6bc 2.4bc 3.0b 12.3b 17.6b 0.202a 0.235a
21 6.7bc 8.3cd 2.3cd 2.9bc 11.1c 17.0bc 0.199ab  0.231ab
K 6.6¢ 7.9d 2.2d 2.8¢c 10.7¢ 16.0cd 0.195b 0.225bc
28 6.5¢ 7.3¢ 2.4cd 2.9bc 11.0c 15.1d 0.188¢c 0.222cd
NF %% 7.7a 8.8b 2.5a 3.0ab 13.7a 19.1b 0.191c 0.220c
8.0a 9.6a 2.6a 3.2a 14.9a 21.7a 0.196abc  0.229ab
=1 7.1b 8.4bc 2.3b 2.8¢c 11.7b 16.7¢ 0.194bc  0.222bc
21 6.9b 8.3¢ 2.3b 2.9bc 11.3b 16.8¢ 0.199a 0.230a
Bk 6.8b 8.0cd 2.2b 2.7¢ 10.8b 15.2¢ 0.196abc  0.226abc
2 6.9b 7.6d 2.4b 2.8¢ 11.6b 15.0¢ 0.197ab  0.229ab
T8 %% 7.0b 8.7bc 3.1a 4.1a 15.2b 25.7b 0.171d 0.194¢
7.5a 9.9a 3.1a 4.3a 16.5a 29.8a 0.179b¢  0.205a
=1 7.0b 8.9b 2.9ab 3.9b 14.4b 24.5b 0.182b 0.207a
21 6.4c 8.3cd 2.7bc 3.6¢ 12.3cd 21.2¢ 0.185a 0.208a
Bk 6.5¢ 8.1d 3.0a 3.5¢ 12.8¢ 20.1cd 0.177¢ 0.199b
2 6.1d 7.4e 2.6¢ 3.5¢ 11.4d 18.5d 0.173d 0.196bc
TI8 %% 6.3b 7.7 2.8a 3.7a 13.2a 20.4a 0.181c 0.206d
6.6a 8.2a 2.6b 3.4b 12.3a 19.5a 0.199a 0.231a
=] 5.9¢ 7.1c 2.5¢ 2.9cd 10.2b 14.5b 0.198a 0.227a
21 5.2e 6.3d 2.2e 2.7e 8.1¢c 12.2d 0.191b 0.216b
Pk 5.5d 6.5d 2.3d 2.8de 9.2b 12.9¢cd 0.189b 0.212bc
% 5.5d 6.4d 2.4cd 3.0c 9.5b 14.0bc 0.184¢ 0.207cd
TI19 %ﬁ 5.4a 6.9a 2.3a 3.1a 8.9a 15.1a 0.212¢ 0.249b
5.5a 7.1a 2.3a 3.0a 8.8a 15.0a 0.214bc  0.252ab
=] 5.1b 6.5b 2.1b 2.7b 7.5b 12.2b 0.222a 0.258a
21 4.8c 5.9¢ 2.0bc 2.5¢ 6.8¢ 10.6¢ 0.218ab  0.256ab
Fk 4.8¢ 5.8¢ 1.9¢ 2.4cd 6.8¢ 10.2¢ 0.219ab  0.255ab
% 4.6d 5.2d 2.0bc 2.3d 6.5¢ 8.9d 0.216abc  0.253ab
T20 E 5.5a 6.5b 2.2a 2.7ab 8.9a 12.0b 0.229abc  0.270ab
= 5.5a 7.1a 2.2a 2.8a 8.7a 14.1a 0.225bc  0.270ab
=] 5.2b 6.6b 2.0b 2.6b 7.5b 12.2b 0.231ab  0.271ab
21 4.8c 6.2c 1.9¢ 2.5¢ 6.5cd 10.5¢ 0.225bc  0.265bc
K 4.7¢ 5.8d 1.9¢ 2.3d 6.2d 9.7cd 0.222¢ 0.261c
2 4.8¢ 5.4¢ 2.0b 2.4cd 7.1bc 9.2d 0.234a 0.274a
R ETAMESESCE R ER RS RRE 5% i -

Values followed by the same letters are not significant at ¢=0.05.

The abbreviations of cultivar are same as table 1.
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Table 9 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the leaf
agronomic characteristics in the spring-tea season

EEV=3: T TR e T e
Growth Leaf length Leaf width Leaf area Leaf thickness
stage Cultivar - = - = - = - =
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
--cm-- --cm-- --cm?’-- --mm--
SHARHA YK 7.0a 7.5a 2.5a 3.1a 12.4a 16.4a 0.193b 0.219b
Young DY 4.5b 4.8b 1.7¢ 2.1b 5.5b 7.2b 0.236a  0.280a
stage CH 4.1b 4.1c 1.7¢ 1.9¢ 4.9b 5.6¢ 0.236a 0.277a
ESpr T12 4.5b 3.9¢ 2.0b 2.0bc 6.4b 5.7¢ 0.232a  0.268a
Spr YK 7.8a 8.8a 2.7a 3.2a 15.1a 20.2a 0.197d  0.230c
DY 6.4b 7.1b 2.3¢ 2.7b 10.1b 13.7¢ 0.258a  0.306a
CH 5.4d 5.8¢ 1.9d 2.1¢c 7.3¢ 8.6d 0.252b  0.299a
T12 6.0c 7.1b 2.5b 3.3a 10.7b 16.2b 0.236¢c  0.275b
Y AHA YK 7.6a 8.0a 2.7a 3.3a 14.7a 18.6a 0.243a 0.234c
Mature DY 6.2b 6.6¢ 2.2¢ 2.7b 9.6¢ 12.6¢ 0.257a  0.306a
stage CH 5.2¢ 5.4d 1.7d 1.9¢ 6.5d 7.5d 0.250a 0.304a
ESpr T12 6.3b 7.2b 2.5b 3.2a 11.4b 16.2b 0.230a  0.274b
Spr YK 7.6a 8.3a 2.6a 3.2a 14.0a 19.0a 0.192¢  0.223c
DY 5.8b 6.6b 2.1c 2.6¢ 8.6b 12.5b 0.242a  0.285a
CH 4.9d 5.4d 1.7d 2.1d 5.9¢ 8.0c 0.239a 0.282a
T12 5.3¢ 6.1¢c 2.2b 2.8b 8.5b 12.3b 0.224b  0.255b
SHARTH YKL 7.8a 8.5a 2.6¢ 3.0cd 14.4bc  18.2b 0.193¢  0.227c¢
Young YKO 8.0a 8.7a 2.7¢ 3.2¢ 14.5ab 19.7b 0.189¢  0.224c
stage NF 7.8a 8.9a 2.6¢ 3.1cd 14.3bc  19.5b 0.190c  0.224c
ESpr T8 7.2b 8.9a 3.1a 4.2a 15.5ab  26.5a 0.175d 0.199d
T18 6.5¢ 7.8b 2.9b 3.7b 13.3¢ 20.4b 0.181d 0.208d
T19 5.2d 6.5¢ 2.1d 2.9de 8.0d 13.3¢ 0.214b  0.252b
T20 5.6d 6.4c 2.2d 2.7¢ 8.7d 12.2¢ 0.231a  0.277a
Spr YKL 6.9b 8.4b 2.4d 3.0cd 11.3d 17.4b 0.187cd 0.217cd
YKO 7.5a 8.5b 2.6bc  3.2c 13.9b 19.1b 0.183d  0.219cd
NF 7.7a 8.9b 2.5cd  2.9de 13.2bc  17.9b 0.194bc  0.224c¢
T8 7.2ab  9.4a 3.0a 4.1a 15.6a 26.9a 0.184d 0.212d
T18 6.4c 7.8¢ 2.7b 3.5b 12.1cd  19.3b 0.199b  0.226¢
T19 5.5d 7.0d 2.3de  3.0cd 9.0¢ 15.0¢c 0.221a 0.257b
T20 5.4d 6.5d 2.2¢ 2.7¢ 8.4e 12.4d 0.228a  0.275a
B AHA YKL 7.2a 8.0a 24cd  2.9c 12.6a 16.9b 0.196¢c  0.229¢
Mature YKO 7.4a 8.8a 2.5bc  3.1bc 13.1a 19.8ab 0.186d 0.217de
stage NF 7.5a 8.6a 2.5bc  2.9c 13.2a 17.9b 0.198¢  0.226¢cd
ESpr T8 6.5b 8.1a 2.9a 3.8a 13.5a 22.3a 0.174e  0.199f
T18 5.7¢ 6.8b 2.6b 3.4b 11.8a 17.3b 0.187cd 0.216¢
T19 53cd  6.5bc 2.2d 2.8¢ 8.4b 13.5¢ 0.217b  0.256b
T20 5.0d 5.9¢c 2.0e 2.4d 7.3b 10.7¢ 0.231a  0.267a
Spr YKL 7.8a 8.7a 2.5b 2.9¢cd 13.6a 18.6b 0.195¢  0.226¢
YKO 7.6a 8.9a 2.6b 3.3b 14.1a  20.8b 0.188cd 0.216de
NF 7.8a 9.2a 2.6b 3.2bc 148a  20.7b 0.194c  0.223cd
T8 6.9b 8.6a 3.0a 4.0a 14.8a 24.6a 0.173¢  0.195f
T18 6.1c 7.6b 2.6b 3.4b 11.4b 18.7b 0.185d  0.209¢
T19 5.6d 7.2bc 2.2¢ 3.0cd 8.9¢c 15.5¢ 0.211b  0.249b
T20 5.6cd 6.6 2.2¢ 2.7d 9.1¢c 13.3¢ 0.234a 0.277a

RPETAEMREICSCFRERORERRE 5% BE -

Values followed by the same letters are not significant at a=0.05.
Espr: Early spring; Spr: Spring

The abbreviations of cultivar are same as table 1.
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Table 10 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the leaf

agronomic characteristics in the summer-tea season

FEH e TR TR T e
Growth Leaf length Leaf width Leaf area Leaf thickness
stage Cultivar - = - = - = - =
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
--cm-- --cm-- --cm?-- --mm--
SREA YK 7.3a 8.7a 2.4b 3.0c 12.2ab 18.7a 0.180d 0.210d
Young DY 7.0b 8.4a 2.6a 3.2b 12.6a 19.2a 0.259a 0.308a
stage CH 5.9d 7.0c 2.1c 2.5d 8.7¢c 12.6b 0.249b 0.295b
Sum 1st T12 6.3¢ 8.0b 2.6a 3.5a 11.5b 19.9a 0.235¢  0.268c
Sum 2nd YK 7.1a 8.4a 2.5a 3.0a 12.4a 17.8a 0.221d  0.255d
DY 6.7b 7.9b 24ab  3.1a 11.6a 17.1a 0.277a 0.327a
CH 5.2¢ 6.2d 1.9¢ 2.3b 7.1¢c 10.3¢ 0.264b 0.313b
T12 5.5¢ 6.6¢ 2.3b 3.0a 9.1b 14.1b 0.249¢  0.285¢
R ARHA YK 6.9a 8.0a 2.5a 3.1a 12.1a 17.4a 0.193¢  0.220c
Mature DY 5.8b 6.8b 2.2b 2.8b 8.8b 13.2b 0.249a 0.297a
Stage CH 5.6b 6.4b 1.7¢ 2.0c 6.7¢ 9.0c 0.242ab 0.282a
Sum 1st T12 5.0¢ 6.2b 2.2b 2.9ab 7.8bc  12.8b 0.232b  0.266b
Sum 2nd YK 5.3b 6.0b 1.7b 2.0b 6.7bc 8.8b 0.185¢ 0.213d
DY 6.1a 6.9a 2.3a 2.7a 9.9a 13.2a 0.307a  0.360a
CH 4.4c 5.0c 1.5b 1.8b 4.8¢ 6.4b 0.263b  0.326b
T12 5.0bc  5.2bc 2.2a 2.4a 7.8b 9.1b 0.272b  0.301b
AN YKL 7.3bc  9.4b 24c  3.1c 125b  19.8¢c 0.194c  0.225c
Young YKO 7.7ab  9.5ab 2.6b 3.2b 14.1a 21.6b 0.191c  0.222c¢
Stage NF 7.9a 9.8a 2.5b 3.1c 14.2a 21.7b 0.197¢  0.226¢
Sum 1st T8 7.1¢c 9.6ab 3.0a 4.1a 15.0a  27.7a 0.176d  0.198d
T18 6.4d 7.7¢ 2.6b 3.0bc 11.8b 16.9d 0.194¢c 0.222¢
T19 5.3¢ 7.1d 2.1d 2.9d 8.1c 14.5¢ 0.215b  0.247b
T20 5.5¢ 7.2d 2.1d 2.8d 8.3¢ 14.2¢ 0.232a 0.271a
Sum 2nd YKL 7.1a 9.3a 2.4c 3.1b 11.8b  20.3b 0.198d  0.230cd
YKO 7.1a 8.7b 2.4bc  3.0bc 12.5ab  18.7bc 0.206¢c  0.236¢
NF 6.9a 8.4b 2.4bc  2.8d 11.7b 17.2¢ 0.198d 0.223de
T8 6.5b 8.5b 2.8a 3.8a 13.3a  229a 0.197d 0.217e
T18 5.6¢ 7.0c 2.5b 2.9¢cd 9.8¢ 14.4d 0.198d 0.223de
T19 5.2d 6.6¢ 2.1d 2.7de 7.6d 12.9de 0.218b 0.257b
T20 5.2d 6.5¢ 2.1d 2.6¢ 7.6d 11.3¢ 0.229a  0.266a
R AREA YKL 6.8b 8.5bc 2.3b 2.7¢ 11.3b 16.6bc 0.201b  0.235b
Mature YKO 6.9b 8.3¢c 2.3b 2.9bc 11.6b 15.7¢ 0.196b  0.230b
Stage NF 7.3a 8.8ab 2.4b 2.8bc 12.3b 17.6b 0.197b  0.229b
Sum Ist T8 7.1ab  9.1a 2.9a 3.9a 14.7a 25.3a 0.184c  0.208c
T18 5.9¢ 7.3d 2.4b 3.0b 10.0¢c 15.3¢ 0.201b  0.231b
T19 5.1d 6.3¢ 2.0c 2.6d 7.3d 11.6d 0.224a 0.264a
T20 4.9d 6.3¢ 1.9¢ 2.5d 6.7d 11.3d 0.227a  0.271a
Sum 2nd YKL 6.4b 8.2ab 2.2b 2.8b 9.8¢ 16.2b 0.203¢  0.233cd
YKO 6.5b 8.1b 2.3b 2.9b 10.7bc  16.7b 0.205¢  0.239¢
NF 7.0a 8.2b 2.3b 2.8b 11.3b 16.2b 0.202¢  0.236¢
T8 6.8ab  8.6a 2.8a 3.7a 13.2a 22.2a 0.183¢ 0.213e
T18 5.4c 6.6¢ 2.3b 2.8b 8.6d 12.8¢ 0.194d  0.225d
T19 4.8d 6.0d 2.0c 2.5¢ 6.7¢ 10.6d 0.218b 0.258b
T20 4.9d 6.3cd 1.9¢ 2.5¢ 6.7¢ 11.3cd 0.229a  0.274a

RPETAMRTSCF B R TR E Sh B3 -

Values followed by the same letters are not significant at a=0.05.

Sum: Summer

The abbreviations of cultivar are same as table 1.
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Table 11 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the leaf
agronomic characteristics in the autumn-tea season

GSU=1 - BT A S A 2E
Growth Leaf length Leaf width Leaf area Leaf thickness
stage Cultivar - = - = - = - =
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
--cm-- --cm-- --cm?-- --mm--
LHARHH YK 6.6a 7.9a 2.3a 2.9a 10.8a 16.2a 0.218d 0.248d
Young DY 6.2b 7.4b 2.3a 2.9a 9.8b 15.3a 0.284a 0.329a
stage CH 4.9¢ 5.9d 1.8b 2.2b 6.2d 9.4c 0.269b  0.315b
Aut st T12 5.1c 6.2¢c 2.3a 2.9a 8.2¢ 12.7b 0.250c  0.284c
Aut2nd YK 6.1a 9.4a 2.2a 2.9a 9.4a 14.7a 0.194d 0.227d
DY 5.3b 7.8b 2.1a 2.6b 7.8b 11.5b 0.252a 0.297a
CH 4.4d 4.7d 1.5b 2.0c 4.7d 7.2¢ 0.236b  0.275b
T12 4.7¢c 7.0c 2.1a 2.7b 7.0c 10.7b 0.227¢ 0.263c
B ARHA YK 6.5a 7.6a 2.2a 2.7a 10.2a 14.8a 0.208b  0.247b
Mature DY 5.7b 6.6b 2.1a 2.7a 8.4b 12.7ab 0.237a 0.286a
stage CH 4.8¢c 5.7¢ 1.7b 2.1b 5.8¢c 8.7¢c 0.234a 0.281a
Aut2nd  TI12 4.7¢ 5.9bc 2.1a 2.7a 7.0c 11.4b 0.204b  0.241b
SNARHA YKL 6.7ab  8.3ab 23bc  2.9¢ 11.1a 17.0a 0.200b  0.238b
Young YKO 6.9ab 8.7a 2.5b 3.1b 11.9a 18.9a 0.194bc  0.229b
stage NF 7.0a 8.6a 24bc  2.8cd 11.7a 17.2a 0.198b 0.238b
Aut st T8 6.2b 7.7b 2.7a 3.4a 11.8a 18.5a 0.174d  0.196d
T18 5.1c 6.2¢c 22cd  2.7de 8.0b 11.8b 0.184cd 0.212¢
T19 5.0c 5.8¢c 2.1de  2.6e 7.5b 10.8b 0.218a 0.257a
T20 4.9¢ 6.1c 2.0e 2.6e 6.9b 11.0b 0.225a  0.264a
Aut2nd YKL 6.8a 8.1a 2.3bc  2.8bc 11.4bc  16.1b 0.201bc  0.233cd
YKO 7.0a 8.0a 2.4b 3.0b 12.2b 16.9b 0.204b  0.236¢
NF 7.0a 8.1a 2.3bc  2.8bc 11.2¢ 16.1b 0.197¢  0.228d
T8 6.9a 8.5a 3.2a 3.7a 14.1a 22.0a 0.178e  0.202f
T18 5.6b 6.7b 2.9b 2.9b 9.6d 13.7¢ 0.190d 0.211e
T19 S.1c 6.1c 2.1cd  2.6cd 7.5¢ 11.4d 0.226a  0.259b
T20 4.9¢ 6.0c 1.9d 2.4d 6.8e 10.5d 0.228a  0.268a
R ARHA YKL 6.3a 7.8a 2.2b 2.7bc 9.7b 14.9b 0.195¢  0.227b
Mature YKO 6.4a 7.7a 2.3b 2.8b 10.5b 15.6b 0.189d 0.220bc
stage NF 6.3a 7.7a 2.2b 2.7bc 9.9b 14.8b 0.188d 0.218c
Aut 1st T8 6.3a 8.0a 2.7a 3.6a 12.1a 20.7a 0.176e  0.199¢
T18 5.1b 5.9b 2.2b 2.6¢ 7.9¢ Il.1¢c 0.184d 0.209d
T19 4.4c 5.5b 1.9¢ 2.4d 5.8d 9.3cd 0.211b  0.244a
T20 4.5¢ 5.9b 1.8¢c 2.3d 5.8d 9.0d 0.218a 0.251a
Aut2nd YKL 6.7ab  7.8a 2.2b 2.7b 10.4ab  15.0bc 0.200b  0.234b
YKO 6.6ab 8.la 2.2b 2.9b 10.4ab  16.7b 0.187cd 0.220c
NF 7.0a 8.0a 2.3b 2.7b 11.6a 15.4b 0.192¢  0.225c¢
T8 6.2b 8.0a 2.6a 3.5a 11.2a 19.7a 0.170e  0.190e
T18 5.5¢ 6.5b 2.3b 2.9b 9.1b 13.1c 0.184d 0.203d
T19 4.9d 5.6¢ 1.8¢c 2.4c 6.7¢c 9.5d 0.216a 0.255a
T20 4.8d 5.7¢c 1.9¢ 2.4c 6.3¢c 9.5d 0.223a  0.260a

R ETAMESESCE R ER RS RRE 5% i -

Values followed by the same letters are not significant at a=0.05.
Aut: Autumn

The abbreviations of cultivar are same as table 1.
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Table 12 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the leaf

agronomic characteristics in the winter-tea season

AEH A BER Y 1] HE
Growth Leaf length Leaf width Leaf area Leaf thickness
stage Cultivar - = - = - = - =
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
--cm-- --cm-- --cm?-- --mm--
HIAREA YK 7.0a 7.6a 2.5a 3.0a 12.2a 16.1a 0.188d 0.216d
Young DY 54b  6.0b 2.2b 2.7¢c 8.5b 11.6b 0.238a 0.283a
stage CH 46d 4.9d 1.8¢c 2.1d 5.8¢c 7.3¢c 0.231b  0.265b
T12 5.0c 5.6¢ 23b 2.9 8.0b 11.4b 0.220c  0.254c
HIARHA YKL 6.5b 7.5a 23d  2.8d 11.0b 14.7¢ 0.181c¢ 0.211d
Young YKO 7.0a 7.9a 2.6bc  3.1d 12.8a  17.5b 0.185¢  0.218cd
stage NF 6.9a 7.6a 2.4cd 2.7d 12.0ab  14.8¢c 0.193bc  0.223¢
T8 6.5b 7.8a 2.9a 3.9a 13.1a  21.5a 0.187¢  0.199¢
T18 5.7¢ 6.9b 276 3.4b 10.7b 16.9b 0.179¢  0.203e
T19 4.8d 5.8¢ 2.2e 2.7d 7.4c 10.9d 0.204b  0.240b
T20 5.1d 5.7¢ 2.2e 2.6d 8.0c 10.8d 0.225a 0.264a
B AHA YKL 6.2b 7.1ab 2.1cde 2.6¢ 9.5b  13.4b 0.203b  0.232cd
Mature YKO 6.1b  6.8b 2.3bed 2.8bc 99b 13.8b 0.199b  0.230cd
stage NF 7.1a 7.8a 2.4abc  2.8bc 12.0a 15.9ab  0.209b 0.242¢
T8 6.1b 7.1ab 2.6a 3.4a 11.4ab 17.4a 0.177¢  0.203e
T18 57b  6.4b 2.5ab 3.1b 10.0ab 14.1b 0.196b  0.223d
T19 4.5¢ 4.8c 1.9¢ 2.3d 6.3¢c 7.8¢ 0.232a  0.270b
T20 4.7¢c 5.1c 2.0de 2.3d 6.9¢c 8.5¢ 0.246a 0.287a

RO ETAMERISCF B RORERRE 5% 3% -

Values followed by the same letters are not significant at a=0.05.

The abbreviations of cultivar are same as table 1.
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Table 13 Comparison of Yung-Kang wild tea and small-leaf cultivated cultivars on the made tea quality in
different years and tea seasons

FHH FRE P> Z- IS RESHE FLORE BER125%
Tea Tea Yung-Kang Dah-Yeh Chin-Shin TTES
type Year season Wild tea Oolong Oolong No.12
---score---
ESSAS 2004 &H 60.8c 68.7ab 66.6b 69.8a
Green tea 21 62.4c 63.6bc 64.9b 67.3a
B2 68.5a 65.3a 65.4a 67.9a
k1 65.8a 64.5a 65.3a 66.0a
k2 70.4b 73.7a 69.0b 70.9b
% 69.4b 75.1a 68.2b 72.1ab
2005 &5 65.7ab 67.8a 58.1c 65.5b
2006 & 65.2b 68.5a 67.8a 66.8ab
tk2 64.6b 66.5a 66.7a 63.4b
£ 64.7b 65.8ab 66.5a 65.5ab
2007 H1 67.6ab 67.1b 67.4b 68.5a
2008 H1 66.3c 67.9b 68.7a 67.4b
k1 64.6b 64.4b 64.7b 68.8a
2009 1 63.7b 67.6a 67.8a 66.3a
2 0Es 2008 H& 64.9d 71.6a 69.4c 69.9b
Honey green tea 5 65.2d 71.3b 72.6a 69.8c
HfELE 2004 &5 56.5b 65.4a 70.3a 66.8a
Pouchongtea 2005 B 1 59.9b 69.1a 67.6a 69.0a
k2 54.9¢ 60.9b 67.3a 66.6a
A 63.3¢c 68.8a 66.6ab 66.4b
2007 fk 1 61.9¢c 63.5b 65.0a 65.3a
2008 k1 65.2b 67.1a 66.9a 67.0a
AFEERELX 2008 k1 64.1a 61.9b 61.8b 62.3b
GABA tea
W=y 2009 1 67.6a 67.3a 67.4a 66.9a
Red Oolong
RS 2007 k1 67.1a 65.2b 65.7ab 63.3c
Black tea 2008 k1 67.2a 65.3b 66.0b 65.3b

RPETHMRFSCF AR RN FRE 5% B -

Values followed by the same letters are not significant at a=0.05.
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Table 14 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the made tea

quality in different years and tea seasons

TE O OFE OEKE AREELIES  KEELL EzES 2R 23 23 =24
Tea Tea HEt ZEHEEl WIS 8 5& 18 5% 19 5% 20 5%
type Year season YKL YKO NF T8 T18 T19 T20
-score--
“EZS 2010 Fk2 67.3bc 66.8cd 69.3a 68.3ab 66.0d 69.2a 67.1c
Green & 65.4¢ 67.2¢ 66.5¢cd 66.6¢d 66.4d 70.4a 69.5b
tea 2011 & 70.0ab 69.7ab 68.4c 69.4bc 67.0d 70.8a 68.3¢c
21 66.2bc 67.4b 66.1bc 64.7cd 63.9d 69.7a 70.4a
k2 66.9bcd 67.5bc 68.3b 65.6d 66.5¢cd 71.5a 68.4b
B 67.3d 65.3f 68.6¢ 66.5¢ 65.6f 70.4a 69.6b
2012 &/ 67.4bc 66.8cd 67.0c 64.9¢ 65.6de 69.9a 68.4b
k1 66.2d 66.5¢d 67.3bc 66.5cd 63.8¢ 68.4a 68.3ab
Fk 2 66.8b 65.1c 67.4b 67.6ab 64.3¢ 68.3a 67.5ab
2013 H& 65.8¢ 66.5¢ 67.5b 66.4c 63.7d 69.2a 69.4a
&H 66.9c 64.6¢ 66.8c 65.2d 62.9f 68.2b 69.7a
21 66.7b 65.3¢c 65.7¢c 65.7¢c 64.7d 68.6a 68.5a
I 2 66.8b 64.9d 65.7¢c 63.8¢ 61.3f 67.9a 68.1a
PR 67.6bc 66.7c 67.9bc 66.6¢ 62.8d 69.6a 68.4ab
K 66.1d 65.6d 67.1c 68.4ab 64.6¢ 69.2a 68.2b
2014 H& 67.0c 65.5d 68.0b 68.9a 65.7d 67.5bc
&H 67.6¢cd 68.1¢c 68.9b 67.3¢c 64.4e 69.8a 68.2bc
£ 68.1b 67.5bc 67.8b 70.2a 66.5¢ 71.1a 70.4a
2015 & 69.8bc 68.8cd 68.9bcd 67.6d 65.2¢ 73.4a 70.2b
HFEZE 2014 E 1 64.2¢ 63.9¢ 65.3b 64.1c 63.7c 66.0b 67.4a
Poucho 2015 E 1 65.1b 64.9b 63.4c 64.7b 62.3d 67.8a 68.6a
ng tea
4AIERE 2014 E2 66.9b 66.1bc 64.8cd 65.0cd 64.7d 65.2¢cd 68.8a
Red 2015 E2 67.9b 67.2bcd  66.8d 64.9¢ 66.9d 67.6bc 68.9a
Oolong
4z 2010 BE 70.4b 66.7d 65.5¢ 68.6¢ 69.8b 72.4a 70.0b
Black H 65.9bc 66.1bc 66.6b 65.0c 65.0c 69.7a 68.9a
tea
21 66.7ab 66.2b 62.9d 67.0ab 68.0a 64.7¢c 66.7ab
2011 E2 67.4a 66.3a 68.1a 68.5a 67.9a 67.2a 67.8a
2012 &/ 68.3a 66.6b 65.3b 68.6a 69.0a 65.7b 68.8a
1 67.6b 65.8¢ 66.2¢ 68.8b 70.2a 62.5d 65.0c
28 67.9b 67.8b 66.9¢ 69.0a 68.6a 66.2d 67.2bc
2014 E 2 69.3a 68.8a 69.5a 69.3a 69.8a 67.0b 67.0b
2015 E 1 69.6a 67.9bc 67.3cd 67.0cd 68.4b 66.7d 67.1cd
RHETAMEER R EFR AR AR 5% B -

Values followed by the same letters are not significant at 0=0.05.

The abbreviations of cultivar are same as table 1.
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S - BE - PR R EAEAR L - AR IR LA NN ES FIE RanfE - SRS
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BB ZREERCHE (8 REE - 2005) - FSEERMRAIN T A E AR MEFERITFEE - 5F
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T B EEEHIERHR (520 1974508 1988 5 JBELL » 1990 3 B S - 2003 5 £2 525 > 2001 ) ©
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B ERBUR A RBEI HERR > sTECRESEE (TD REAE (RQ) X H LSRR 6.4°C
JERER 880°C » E5% 12 87577 By 3.7°C R 920°C » F0 S RE B AHEE TI{H Ky 140-200 » 5z RQ {H 5y
7.5-15 - £F  (1991) f5HES 8 SUEERATRE Ky 4°C - FERUE 1,010°C © [F—hafE A4 &AL E
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TEAE AT TR A TR S AV BT - A FC LR AR B MR LB S R E
FY i - T RS e IR (J2 0 1996 5 JE KPR > 1995 1 £55% > 2004) »

ERUKRUBRFARRZELLZ 3 - Stz R A R EEN: S 2 Vi DU TR 5
B B E ISR RRREAICE DB BRI AE S M A FERIR AR & -
H% (2001) B2 RARRE AL RARES IR ~ o lidkdr > AP T E0FR - SRE
BEPDCEAEYERE - DTSRI - ZEHbk s 2 22 st BB REME - JRoeryERREREE
2 AR BRI E BB B - T AN 2 B 2 ERR (BB 8 i S RSB 0
DS 8 iEEms (ME > 2007) - HREE L ERRNEE > AT R - BT8R %
EEHEESR AL EEURA T > T B 55 K H 228 - ZRERA RS A B s
HranfE B ST S AR A RETT SR B A KOHREHIRE K - KHIEE - ZABTSE HAVAER RSP H
BOKBUSREERAE B OGS ERNRE > Wk G HSIREEEN: - ief iR BRI - OB
KBHER AR 2 2% -

FRIEETT A

— HPR

BRI AE 2 AR T 2, (1048 2205437 » $94E 121°0725" » SR 175 m) J63ekt
BB R BRI - (T BRI B RO 5 R B R - 49 — st BA R (A
E-BE) E7HEE -
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Evaluation of Plant Growth and Yield of Yung-Kang
Wild Tea Cultivated in Taitung Lowland

Hun-Yuan Cheng Chin-An Yu'
Summary

The purpose of this study was to investigate the effects of Yung-Kang wild tea on the plant growth
characteristics and shoot yield, and to evaluate its adaptability to the environment. It can provide
reference for breeding resources, economic cultivation and development of new flavor teas. Experimental
wild species and cultivars were including Yung Kang wild tea, Nan Fong wild tea, Dah-Yeh Oolong,
Chin-Shin Oolong, TTES No.8, TTES No.12, TTES No.18, TTES No.19 and TTES No.20. According to
the experimental results, different years and tea seasons, due to differences in climate, affect the plant
growth and yield of tea tree, and reach significant differences. Yung-Kang wild tea has strong growth
vigor and canopy wide plant characteristics. The shoot density was higher than that of large and small leaf
type cultivars. Its germinate characteristics belong to the bud number type, which can still germinate
during the low temperature period in winter, and was higher than summer and autumn tea seasons. The
100-shoot weight was lower than the large leaf type cultivar TTES No.8, similar to TTES No.18, and has
high and low levels with small leaf type cultivars, high yield and stability, and can maintain high yield in
the environment of climate adversity. It has good environmental adaptability in lowland cultivation and
can be used as a germplasm for screening of stress-resistant cultivars.

Key words: Yung-Kang wild tea, Growth, Yield

1. Former Associate Agronomist, Assistant Agronomist, Taitung Branch, Tea Research and Extension
Station, Taitung, Taiwan R.O.C.
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Table 1 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the plant
characteristics and yield in different years

B R = EE HAZFEE T HiIE EE
100-shoot
Cultivar Year Tree height Tree width Shoot density weight Yield
cm cm buds/900cm?> g g/plant
YK 2004 58.6¢ 48.1d 50.1d 97.4b 27.1d
2005 61.1bc 57.0c 53.6¢ 109.2a 50.9¢
2006 63.0b 72.7b 67.2b 95.5b 63.9b
2013 88.2a 130.2a 82.8a 91.0b 249.3a
DY 2004 75.9a 81.0c 32.2b 108.9b 29.7b
2005 75.5a 85.4b 33.1b 122.3a 40.0a
2006 70.2b 94.3a 39.8a 109.6b 31.9b
CH 2004 68.1a 77.2¢ 50.8b 70.7b 28.8¢c
2005 68.1a 83.2b 53.9b 80.0a 55.5a
2006 62.7b 95.2a 62.4a 70.9b 42.5b
T12 2004 82.9¢c 95.6d 49.0b 103.2ab 64.1b
2005 87.6b 108.4c 48.6b 108.2a 92.4a
2006 82.8¢c 120.3b 63.0a 99.7b 87.3a
2013 98.0a 124.1a 53.7b 100.6ab 97.9a
YKL 2011 97.1a 126.5bc 47.2ab 100.5a 180.3b
2012 92.4b 124.1c 44.2bc 95.4a 185.6b
2013 91.1b 129.4b 46.7ab 97.2a 186.3b
2014 86.8¢c 135.3a 39.4c 102.6a 155.5b
2015 86.5¢ 135.9a 50.5a 95.1a 220.1a
YKO 2011 97.9a 119.5¢d 42.5bc 102.1a 150.5b
2012 89.3b 118.3d 41.1bc 98.9a 126.7¢
2013 89.3b 123.7bc 43.4b 101.1a 196.1a
2014 86.6bc 127.8ab 38.5¢ 102.8a 133.1bc
2015 84.2¢ 130.4a 53.3a 80.3b 189.8a
NF 2011 94.9a 102.5b 40.3a 103.2a 94.4b
2012 89.4b 106.2b 35.4b 93.6a 103.3b
2013 85.9¢c 114.0a 32.4b 100.9a 128.4a
2014 80.7d 115.1a 33.0b 102.5a 90.4b
2015 80.7d 117.2a 43.9a 95.8a 113.8ab
T8 2011 107.0a 133.9d 28.2b 135.9a 149.8¢c
2012 105.8ab 137.4cd 25.8bc 119.9b 131.2¢
2013 102.7bc 146.1a 25.2¢ 137.3a 199.0ab
2014 102.0¢c 141.2bc 24.8¢c 138.6a 179.6b
2015 98.7d 144.0ab 35.3a 112.8b 224.2a
T18 2011 102.7a 108.3d 31.2b 112.1a 103.5¢
2012 97.8b 113.6¢ 30.3b 101.2b 99.1c
2013 94.8bc 118.2bc 30.3b 109.3a 141.5b
2014 91.8cd 123.4a 28.6b 110.8a 136.6b
2015 88.9d 122.9ab 38.1a 97.7b 172.2a
T19 2011 101.4a 138.3a 36.5ab 83.6a 100.5ab
2012 99.0ab 138.8a 35.4b 80.8a 107.0a
2013 97.4b 139.7a 34.8bc 84.2a 102.4ab
2014 94.5¢ 139.3a 30.6¢ 82.5a 64.8¢c
2015 88.0d 139.4a 39.8a 71.8b 90.6b
T20 2011 104.4a 146.5b 39.5b 39.5b 118.2b
2012 103.0a 147.8b 38.0b 38.0b 135.3b
2013 101.9a 154.6a 37.6b 37.6b 170.1a
2014 96.1b 154.2a 40.0b 40.0b 127.5b
2015 94.1b 149.6ab 44.4a 44 .4a 193.3a

o

RO ETAMRTFSCF B RORERARE 5% 3E
Values followed by the same letters are not significant difference at 0=0.05.

YK: Yung-Kang wild tea; DY: Dah-Yeh Oolong; CH: Chin-Shin Oolong; T12: TTES No. 12

NF: Nan-Fong wild tea; T8: TTES No. 8; T18: TTES No. 18; T19: TTES No. 19; T20: TTES No. 20
L: lanceolate; O: oval-shaped
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Table 2 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the plant
characteristics and yield in different tea seasons

pafi s fif 1= [ HISFEE %;?E% ) 7
-shoo
Cultivar  Tea season Tree height Tree width Shoot density weight Yield
cm cm buds/900cm? g g/plant
YK & 59.6b 64.4b 55.8b 113.8a 73.4b
=] 65.5a 68.9a 53.6b 99.1b 69.5b
K 67.2a 72.3a 66.0a 102.8b 86.2a
2 66.8a 71.8a 68.1a 81.0c 73.7b
DY E 66.5¢ 78.7¢c 32.6b 106.6¢ 27.1c
=] 77.0a 86.5b 30.7b 147.2a 30.0bc
K 78.7a 93.3a 38.9a 117.4b 41.1a
2 73.2b 89.1ab 37.9a 83.1d 36.9ab
CH = 60.2¢c 77.7¢c 53.7b 71.8b 31.9¢
=] 69.1a 85.7b 46.0c 97.5a 45.2b
K 70.7a 91.5a 59.6ab 74.8b 53.0a
% 65.2¢ 86.1b 63.6a 51.3¢c 39.0b
T12 E=3 77.4d 100.8¢c 52.5b 114.2b 58.9¢
=] 88.4b 110.8b 44.3c 137.5a 111.3a
K 94.4a 116.9a 55.4b 89.2¢ 87.4b
2 85.3¢c 113.2b 62.0a 72.1d 76.9b
YKL g% 85.6b 123.1b 36.0d 102.7b 101.9¢
92.5a 126.9b 36.2d 119.1a 138.0b
=] 92.1a 132.6a 45.0c 103.9b 218.2a
21 92.6a 134.0a 48.7bc 96.7bc 228.3a
K 93.8a 133.0a 53.1ab 88.8¢c 224.1a
2 88.0b 131.8a 54.7a 77.8d 199.5a
YKO g% 83.0b 114.0c 35.8¢c 107.5a 84.8¢
92.5a 122.0b 33.5¢ 110.1a 112.8d
-] 9l.1a 125.1ab 44.3b 104.2a 179.5bc
21 93.0a 128.5a 46.0b 92.8b 203.5a
K 92.0a 127.6ab 54.2a 84.7¢c 195.4ab
A 85.3b 126.5ab 48.9b 83.0c 176.3¢c
NF %E 79.7b 102.8¢c 29.7b 105.7b 61.3c
89.5a 112.8ab 31.2b 125.1a 94.8b
-] 87.8a 111.4b 40.5a 95.5bc 118.9ab
21 89.9a 119.4a 38.6a 93.2¢ 114.8ab
&K 88.8a 108.0bc 42.9a 89.3¢ 128.6a
3 82.1b 111.6b 39.3a 86.5¢ 123.7a
T8 %E 90.5d 130.4¢c 27.2¢ 129.6¢ 100.4¢
106.2b 142.8ab 19.1d 161.3a 139.2d
=) 106.8ab 143.9ab 28.3bc 142.8b 166.9¢
21 108.5ab 145.0a 30.6ab 124.3cd 203.3b
Kk 109.8a 141.5ab 30.3ab 118.0d 180.4bc
% 97.4¢c 139.4b 31.9a 97.5¢ 232.7a
T18 %E 85.4d 109.8b 26.4c 116.1b 79.7d
102.4a 120.3a 20.0d 141.7a 93.7d
=] 97.5b 112.9b 32.8b 114.4b 119.1¢c
21 97.2b 120.9a 34.6b 92.1c 134.3bc
K 98.9b 119.5a 36.4ab 90.3cd 146.7b
% 89.7¢ 120.3a 40.1a 82.8d 174.4a
T19 g% 89.6¢ 132.4b 29.8¢c 87.7b 54.9d
100.6a 142.2a 27.9¢ 100.1a 111.6b
=] 100.1ab 142.0a 38.3ab 92.8b 135.4a
21 99.0ab 141.8a 41.3a 75.2¢ 123.5ab
%K 97.6b 138.3a 36.2b 69.4d 73.8¢c
% 89.5¢ 137.9a 39.1ab 58.4e 82.3¢c
T20 g% 88.6d 142.6b 32.0b 84.4b 53.3d
101.2b 150.8a 32.5b 96.0a 134.2¢
=] 106.2a 154.8a 43.5a 90.7a 181.7b
B 107.0a 153.6a 42.3a 73.1c 223.4a
K 104.2ab 151.9a 43.5a 62.9d 148.1¢c
2L 92.2¢ 149.5a 45.9a 60.7d 135.2¢

P E(TAMERFE A EE RN AR E Sh B -
Values followed by the same letters are not significant difference at a=0.05.
The abbreviations of cultivars are same as table 1.
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Table 3 Comparison of Yung-Kang wild tea and small-leaf cultivars on the tree height in different years
and tea seasons

R RE KBRS RIESHE HLHHE EZ QYL
Tea Yung-Kang Dah-Yeh Chin-Shin TTES
Year season Wild tea Oolong Oolong No.12
——e-CM--
2003 (2) k1 62.5¢ 81.3ab 77.3b 82.8a
K 2 57.7¢ 63.0ab 78.0b 85.3a
2004 (3) & 54.8¢ 69.4a 63.5b 72.3a
B 1 60.9d 83.0b 72.9¢ 89.4a
g2 60.6d 89.0b 78.4¢c 99.9a
k1 59.4d 78.7b 69.9¢ 86.6a
k2 62.8d 80.8b 71.0c 89.4a
A 59.2d 72.6b 66.0c 83.3a
2005 (4) Hi A 51.3d 60.6b 56.0c 67.4a
& 56.0d 67.2b 60.5¢ 77.3a
51 59.3d 74.2b 66.6¢ 87.2a
k1 67.0d 83.0b 76.2¢ 99.0a
A 63.1d 77.5b 69.3¢ 86.9a
2006 (5) & 57.1¢ 63.0b 56.5¢ 76.4a
51 64.7¢c 73.9b 67.8¢c 89.0a
B2 64.5¢ 74.1b 69.9bc 89.3a
k1 63.0c 74.4b 66.0c 85.5a
k2 63.9¢c 70.7b 62.5¢ 83.1a
A 66.0b 69.3b 60.3¢c 80.4a
2007 (6) g1 73.5¢ 87.9b 75.7¢ 97.7a
2008 (7) RS 66.1b 76.9a
5 59.1b 57.5b 57.0b 70.5a
2013 (12) & 81.5b 89.8a
B 1 88.5b 97.4a
g2 87.1b 112.1a
k1 91.8b 120.9a
Fk 2 91.1b 95.9a
Ky 4R 60.9d 73.9b 66.3¢ 84.4a
FRAH 88.2b 98.0a
FHERMAREL N 0.927** 0.372 0.325 0.543**

RPEITAMRESE SRR RN A FOREE 5% B -

Values followed by the same letters are not significant difference at 0=0.05.

Z7RHE Young stage: 2004-2006 ~ ¢ /ARHH Mature stage: 2013

O FEIMNETF BB Efd B4 REE The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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Table 4 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the tree height

in different years and tea seasons

RS ZFE - KERLE kEERLE MBULLE EA 85 =4 18 98 E4% 19 9% =55 20 9%
Tea Eivan) L]

Year season YKL YKO NF T8 T18 T19 T20

___Cm___

2010(3) H& 89.9a 84.4ab 86.3ab 88.1ab 87.5ab 84.3b 86.0ab
F=3 93.1ab 86.8b 88.1b 97.0a 93.3ab 97.4a 92.9ab
H1 105.4ab 102.5ab 104.0ab 106.7ab 100.6b 113.3a 109.6ab
k2 111.8a 109.2b 109.0b 120.3a 109.5b 120.8b 120.4a
A 92.2¢ 92.5¢ 92.6¢ 108.7a 100.5b 99.5b 100.2b

2011 (4) & 91.3ab 86.2¢ 86.8¢ 93.3a 89.3bc 92.9ab 94.5a
1 101.3¢ 103.1bc 106.7abc  108.8abc  114.6a 107.5abc  111.5ab
=) 96.8bc 100.8b 92.5¢ 114.6a 100.6b 109.2a 115.4a
k1 95.6b 102.3ab 97.2b 109.2a 108.5a 102.5ab 109.6a
k2 103.4bc 102.9bc 97.4¢ 115.4a 109.2ab 103.3bc 101.9bc
A 94.4b 92.2bc 88.9¢ 98.5a 94.2b 93.1b 93.8b

2012 (5) H&H 89.4ab 87.4bc 83.8¢c 91.9a 86.8bc 90.0ab 86.3bc
E=S 93.1c 89.5¢ 91.8¢ 111.3a 105.8ab 103.9b 105.8ab
1 93.5de 89.2¢ 92.3de 107.5ab 97.3cd 101.4bc 111.3a
k1 95.2bcd 93.7cd 90.8d 107.1a 99.2bc 101.0ab 106.6a
k2 95.3¢ 90.0c 94 3¢ 117.1a 105.0b 104.6b 115.4a
A 87.7¢cd 86.0d 83.6d 99.8a 92.5bc 93.2b 92.5bc

2013 (6) H&H 85.0cd 80.4de 77.6¢ 89.1abc 86.8bc 92.5a 90.8ab
E=S 93.3bc 94.6b 86.8¢ 105.4a 103.3a 103.8a 101.4a
1 89.8¢ 87.8¢ 86.5¢ 107.1a 99.3b 100.3b 107.9a
=) 92.1c 91.7¢ 91.1c 101.4ab 92.4c 100.5b 107.5a
k1 96.7b 92.4b 90.6b 110.4a 97.3b 97.4b 106.1a
k2 89.8¢c 89.0c 82.8d 102.5a 89.5¢ 89.8¢ 97.5b

2014 (7) W& 88.1b 84.4c 82.3¢ 92.8a 88.4b
E= 81.0b 80.0b 77.2b 87.8a 85.4a 86.4a 86.4a
1 87.4cd 89.0c 80.8d 105.3a 93.6bc 100.3ab 93.6bc
=) 91.5bc 93.8bc 83.9¢ 106.3a 98.8ab 99.5ab 99.6ab
k1 88.9d 87.8d 83.3d 109.6a 90.3cd 99.3bc 106.4ab
k2 90.1cd 92.6bcd 84.8d 111.7a 97.5bc 97.3bcd 103.1ab
A 82.0c 76.5d 74.3d 91.5a 85.2bc 84.5bc 87.3ab

2015 (8) H&H 81.3bc 81.0bc 74.0d 88.6a 78.8cd 86.0ab 85.0ab
E= 87.7¢cd 86.3d 81.3d 100.4a 94 .8ab 87.8cd 93.6bc
H1 89.1cde 83.6e 83.9de 98.8a 91.3bc 90.0cd 96.8ab
=) 91.2¢ 89.6¢ 87.2¢ 115.0a 95.6¢ 91.7¢ 105.0b
k1 83.8b 82.3bc 77.0c 94.5a 85.5b 85.5b 94.3a
£ 86.1bc 82.7cd 80.8d 94 .9a 87.3bc 87.0bc 90.0ab

2016 (9) W& 86.8bc 84.3¢ 77.9d 99.2a 89.0b

S| ShRHE 94.7d 93.6de 92.2¢ 106.4a 100.2¢ 100.2¢ 103.7b
EYARHE 88.1d 86.7d 82.4e 101.1a 91.8¢c 93.3¢c 97.3b

AR &8 EE 0.186 0.165 0.133 0.024 -0.281 0.294 0.334*

RPEITAMERSSI R TR A FRE S B3 -
Values followed by the same letters are not significant difference at 0=0.05.
Z7RHE Young stage: 2011-2012 ~ ¥ 7/KHH Mature stage: 2013-2015

The abbreviations of cultivars are same as table 1.

O FEIMNEFE BB EE B A RMEE The number in parentheses indicates the growth-year of tea tree after

planting in tea garden
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Table 5 Comparison of Yung-Kang wild tea and small-leaf cultivars on the tree width in different years
and tea seasons

FE RE KRR RIESHE HLSHE B 1258
Tea Yung-Kang Dah-Yeh Chin-Shin TTES
Year season Wild tea Oolong Oolong No.12
————CM---
2003 (2) k1 40.9¢ 84.9a 76.3b 90.8a
Fk 2 39.6d 80.8b 72.8¢ 89.3a
2004 (3) & 43.5¢ 70.2b 68.2b 78.6a
g1 48.8¢ 84.6b 80.5b 101.0a
g2 48.5¢ 85.1b 79.3b 103.8a
k1 49.2¢ 85.0b 81.3b 101.6a
k2 49.5¢ 89.3b 81.8b 103.2a
=S 51.0c 84.2b 78.9b 101.3a
2005 (4) Hi A 44 4c 70.0b 71.4b 87.5a
e 52.2¢ 78.8b 75.7b 98.6a
51 54.7¢ 82.6b 80.6b 107.9a
k1 62.8¢c 93.4b 92.3b 116.3a
A 60.6¢ 86.9b 84.2b 110.8a
2006 (5) & 66.2¢ 87.0b 89.1b 110.0a
51 73.8¢ 92.3b 95.8b 119.2a
=) 80.2¢ 96.3b 101.2b 127.2a
k1 75.8¢ 101.6b 100.8b 130.3a
k2 76.5¢ 97.8b 98.1b 126.9a
A 75.9¢ 96.1b 95.2b 120.8a
2007 (6) g1 92.3b 99.8b 96.5b 128.2a
2008 (7) RS 87.70b 116.0a
5 82.6¢ 94.8b 91.2b 122.8a
2013 (12) & 131.5a 128.9a
= 131.1a 134.3a
52 132.9a 128.3b
k1 130.4a 131.8a
Fk2 128.0a 126.5a
Ky 4RI 59.5d 86.9b 85.2¢ 108.1a
A 130.2a 124.1b
THEE R EL BlE R 0.954%** 0.334 0.381 0.527*

TP RIT AR R RN A R ARGE 5% B -

Values followed by the same letters are not significant difference at 0=0.05.

47KEH Young stage: 2004-2006 ~ % /KEH Mature stage: 2013

O FEIMNEE BB EE B A RMEE The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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Table 6 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the tree width
in different years and tea seasons

R P = AEELLZS KEERLLZS EMEBLLE ZE5 8 5F Z% 18 58 2% 19 5% 255 20 5%
Tea Eivan) GEEL

Year season YKL YKO NF T8 T18 T19 T20

___Cm___

2010 (3) BE 98.9b 83.3¢ 80.7¢ 107.1ab 82.5¢ 115.4a 117.9a
F=3 102.0bc 89.5¢cd 82.4d 102.0bc 83.9d 120.4a 115.8ab
H1 109.6b 100.8bc  92.5¢ 113.3b 90.4¢ 135.0a 132.1a
k2 115.4b 106.3bc 100.2¢ 132.1a 100.0c 137.9a 142.9a
A 117.8ab 113.3ab 92.8b 131.7ab 153.6a 127.5ab 130.8ab

2011 (4) E=S 114.6b 100.6¢ 94.2¢ 116.7b 92.5¢ 115.4b 130.4a
1 121.3¢ 112.9¢ 109.7¢ 134.2b 115.2¢ 137.9ab 146.7a
22 129.6¢cd 119.2d 98.1e 137.5bc 100.4¢ 142.5ab 150.8a
k1 131.7¢ 127.5¢ 108.3d 137.1bc 112.1d 147.5ab 158.3a
k2 136.7bc 130.4c 102.9¢ 136.7bc 115.8d 142.9ab 148.8a
A 125.0bc 126.3b 101.7d 141.3a 113.3cd 143.8a 144.2a

2012 (5) BE 117.5bc 109.2¢ 94.2d 127.9ab 107.5¢ 131.7a 132.9a
& 118.3b 113.3b 104.2¢ 140.0a 114.6b 143.3a 145.4a
1 129.2b 121.7bc 109.2d 145.8a 109.6¢d 145.0a 152.1a
k1 124.6¢d 123.8cd 116.3d 136.7bc 120.8d 140.4ab 152.1a
k2 126.3cd 119.6de 103.6¢ 144.6ab 111.3de 138.8bc 160.0a
A 128.8ab 122.1bc 109.6¢ 129.2ab 117.9b¢c 133.8ab 144.6a

2013 (6) H& 121.3¢ 112.1cd 105.8d 136.7b 117.1cd 136.7b 150.8a
& 128.8b 123.8bc 112.9¢ 150.0a 123.3bc 146.3a 154.2a
H1 131.7bc 122.1cd 112.5d 141.3b 111.7d 139.6b 160.0a
22 131.7cd 125.4de 120.3de 148.8ab 115.4¢ 139.6bc 155.0a
k1 131.7bed  129.2c¢d 116.3d 147.5ab 123.0cd 138.8abc  152.5a
k2 131.3bc 130.0bcd 116.3d 152.5a 118.8cd 137.5b 155.0a

2014 (7) [ A& 129.6ab 125.4b 111.7¢ 142.5a 118.5bc
E= 134.6bc 122.1de 108.3¢e 136.8bc 126.7cd 140.8ab 151.3a
H1 133.8bc 128.3cd 114.6d 146.3ab 122.5d 144.6ab 157.9a
22 136.7b 134.6b 112.9¢ 145.0ab 117.9¢ 143.3b 155.0a

k1 137.9bc 128.3cd 123.3d 144.2ab 122.1d 137.5bc 151.4a
k2 136.3b 130.8bc 115.0d 140.8b 125.0cd 136.3b 152.1a
A 132.5b 122.5bc 116.7¢ 133.8b 126.3bc 133.3b 157.5a

2015 (8) H& 127.8b 125.8b 111.7¢ 134.0b 105.0c 137.5ab 147.5a
E= 132.5¢d 131.7cd 122.5¢ 143.3ab 125.8de 139.2bc 150.0a
H1 135.8bc 127.9¢ 124.2¢ 150.0ab 125.0c 139.6abc  156.3a
=) 144 2bc 137.5¢d 128.8d 158.3a 134.2¢cd 144.2bc 151.3ab
k1 134.2abc  128.0bc 102.3d 138.0ab 122.5¢ 135.0abc  146.3a
£ 141.3a 131.7ab 113.8¢c 140.4a 125.0bc 141.3a 146.3a

2016 (9) [ A& 128.1b 124.6b 106.3¢ 144.6a 120.6b

Sy SRHE  125.3¢ 118.9d 104.3f 135.6b 110.9¢ 138.6b 147.2a
EYARHE  133.5d 127.3¢ 115.4¢g 143.8b 121.5f 139.5¢ 152.8a

FHE &8 EE 0.474**  0.667** 0.369* 0.606** 0.464** 0.434%** 0.550%**

FHBETAMEESE T RERRERRE 5% FE -

Values followed by the same letters are not significant difference at 0=0.05.

Z7RHE Young stage: 2011-2012 ~ ¥ 7/KHH Mature stage: 2013-2015

The abbreviations of cultivars are same as table 1.

O FEIMNEFE BB EE B A RMEE The number in parentheses indicates the growth-year of tea tree after

planting in tea garden
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Table 7 Comparison of Yung-Kang wild tea and small-leaf cultivars on the shoot density in different years
and tea seasons

FRE wE ZNEAIIES RESHE HLEHE 2R 1258
Tea Yung-Kang Dah-Yeh Chin-Shin TTES
Year season Wild tea Oolong Oolong No.12
---buds/30 %30 cm---
2003 (2) Bk 23.2a 14.1b 25.3a 27.0a
2004 (3) &5 48.7b 36.4c 60.4a 48.0b
B 1 46.9a 30.4b 479a 43.8a
22 51.7a 28.4c¢ 44.8b 43.3b
k1 53.1a 36.3b 52.2a 56.0a
k2 61.1a 36.4b 64.5a 60.4a
X 51.6a 25.8¢ 42.9b 48.2ab
2005 (4) 5 50.3a 28.2b 49.1a 43.9a
21 47 4a 29.4b 42.5a 42.6a
k1 49.9a 32.8b 50.2a 44.7a
& 68.4ab 41.8¢c 73.8a 63.3b
2006 (5) &5 60.0a 33.3¢ 51.5b 64.7a
B 1 62.6a 32.4c 47.7b 47.1b
B2 72.7a 46.4b 69.2a 62.7a
k1 85.3a 47 .4c 76.4ab 68.8b
k2 68.7a 38.5¢ 66.0ab 57.1b
& 63.8ab 46.1b 74.1a 71.5a
2007 (6) Tk 2 63.5a 47.4b
2008 (7) 5 87.4a 40.1d 58.4c 70.2b
= 62.1a 41.3b 62.1a 60.1a
2009 (8) BE 92.9a 47.8¢ 66.8b 51.8¢
5 74.7a 37.6¢ 55.7b 44.5¢
2013 (12) &5 78.3a 54.3b
B 1 58.6a 49.8b
22 84.6a 41.8b
k1 85.6a 39.0b
k2 108.8a 68.0b
2014 (13) &H 63.1a 43.3b
B 1 55.3a 38.5b
=) 68.9a 49.3b
Ky 4RI 57.3a 35.0c 55.7ab 53.5b
AARHA 82.8a 53.7b
HHEA A Bl & 0.494** 0.448* 0.301 -0.316

FPETAMEER SRR TR AR 5% B -

Values followed by the same letters are not significant difference at a=0.05.

Z7RHH Young stage: 2004-2006 ~ ¢ ARHH Mature stage: 2013

O:FEIMNEFE BB EE % A EFE The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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Table 8 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the shoot
density in different year and tea season

I = AREES KELZ EELLZ Z385F =X 185 =45 19 5% &5 20 5%
Tea Eivan) fElEl

Year season YKL YKO NF T8 T18 T19 T20

---buds/30 X 30 cm---

2010 (3) BHE& 36.5b 45.8a 32.3bc 26.8cd 23.3d 26.0cd 28.3cd
F=S 44.5a 38.0ab 34.3bc 29.3cd 23.3d 29.8cd 31.3bc
21 40.0a 38.8ab 35.0ab 17.8¢ 23.0¢c 31.8b 33.3ab
k2 44.5ab 45.8a 41.0ab 24.8d 32.3¢ 29.0cd 39.0b
X 52.3a 48.8a 41.0b 26.3d 36.3bc 33.8¢c 37.5bc

2011 (4) & 41.0a 38.8ab 37.0ab 25.8¢ 29.8¢ 27.0c 32.8bc
21 34.8a 31.3a 32.8a 16.0¢c 14.8¢ 25.3b 30.5ab
B2 54.5a 46.0ab 48.0ab 31.5¢ 34.8¢ 40.8bc 41.3bc
k1 48.0a 45.2ab 43.3ab 37.8bc 33.0c 47.3a 49.3a
k2 50.8a 44.3ab 43.5ab 23.5d 34.8bc 29.3cd 40.3abc
A 54.3a 49.8ab 37.0c 34.5¢ 40.0c 49.8ab 43.3bc

2012 (5) H& 35.0ab 36.5a 27.0bcd  24.3d 26.0cd 31.5abcd 32.8abc
&H 41.5a 40.3a 29.3b 18.3¢ 19.8bc 25.5bc 27.8bc
1 41.0a 34.5ab 41.3a 29.5b 34.3ab 36.8ab 38.0a
k1 55.0a 47.3b 36.3cd 293¢ 35.0de 41.5bcd  42.0bc
k2 45.3a 45.0a 40.8ab 19.5d 28.8¢c 34.5bc 37.5b
& 47.5a 43.0ab 38.0bc 34.3c 38.5bc 42 .5ab 50.0a

2013 (6) HE& 37.3a 31.3ab 25.5bc 22.0c 24.3bc 31.0abc  29.0abc
&H 34.3a 24.5b 24.8b 11.5¢ 12.3¢ 23.3b 26.8ab
= 45.0a 45.5a 34.0bc 21.0d 32.0c 38.8abc  43.3ab
=) 54.5a 51.3a 36.3b 32.3b 37.0b 43.0ab 43.5ab
k1 52.8a 58.3a 37.8b 33.0b 30.8b 34.8b 37.8b
k2 56.5a 49.8ab 36.5¢cd 31.3d 45.8abc  37.8bcd  45.3abc

2014 (7)  HR& 39.3a 39.0a 28.5bc 36.3ab 22.0c
&H 24.3a 23.8a 21.8a 24.3a 22.0a 21.5a 24.8a
= 24.8b 26.5b 22.8bc 17.0¢c 19.5bc 22.5bc 35.5a
=22 36.3ab 36.5ab 32.8abc  23.8¢c 25.8bc 29.5bc 42.5a
k1 45.0a 41.8ab 33.0cde  27.5e 32.5de 37.3bcd  39.3abc
k2 55.5ab 58.8a 44.8bc 32.3¢ 44.0bc 38.0c 52.5ab
S 50.8a 44.0ab 42.8ab 24.3d 27.8cd 35.0bc 45.8a

2015 (8) H&H 42.5ab 48.5a 37.0bc 39.5abc  30.0c 38.0abc  40.5abc
&H 45.5ab 45.0ab 46.5a 32.5b 33.8ab 42.8ab 41.8ab
21 48.3abc  59.0a 46.5abc  35.8¢c 37.3¢ 45.8bc 52.5ab
22 41.0a 44 .5a 44.0a 26.0b 35.5ab 37.3a 37.3a
k1 61.3ab 64.8a 47 5¢ 43.0c 43.5¢ 44 .5¢ 49.3bc
S 64.5a 58.0ab 42.0bcd  35.0cd 48.5abc  30.3d 45.3bcd

3E SREE  45.7a 41.8b 37.8cd 27.0f 30.8¢ 36.0d 38.8¢

BeARHE  45.5a 45.1a 36.4c 28.4¢ 32.3d 35.0c 40.7b
HHEA S EE 0.639%**  0.552%*%  0.401* 0.527**  0.656%*  0.428**  (0.512%*

RHEITAMEER PR EFR AR AR % B -

Values followed by the same letters are not significant difference at 0=0.05.

Z7RHH Young stage: 2011-2012 ~ X 7KHH Mature stage: 2013-2015

The abbreviations of cultivars are same as table 1.

O FEIMNEFE BB EE B A RME The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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Table 9 Comparison of Yung-Kang wild tea and small-leaf cultivars on the 100-shoot weight in different
years and tea seasons

FE RE KRR RESHE HLHE R 1258
Tea Yung-Kang Dah-Yeh Chin-Shin TTES
Year season Wild tea Oolong Oolong No.12
-
2003 (2) Bk 83.0c 141.5a 91.8¢c 112.3b
2004 (3) & 88.9¢ 124.3a 77.6¢ 110.9b
= 105.4b 155.2a 96.1b 150.9a
g2 90.3¢ 125.0a 81.0¢c 108.6b
K 1 90.9a 70.8b 52.1¢ 67.9b
k2 81.5b 99.0a 53.3¢ 73.5b
A 104.5a 85.3b 57.0c 83.3b
2005 (4) P 130.3a 88.3b 57.0c 118.2a
51 107.7¢ 141.1a 97.8¢ 127.4b
52 144.2b 172.7a 116.8¢c 127.0bc
k1 144.0b 175.5a 107.9d 124.1¢c
% 57.1c 84.3a 57.1c 63.0b
2006 (5) e 130.0a 107.3b 80.8¢c 108.0b
= 87.4b 145.3a 98.7b 144.9a
g2 81.3b 111.3a 50.8d 70.3¢
k1 77.3b 106.0a 64.3¢ 73.5be
k2 83.8a 84.3a 56.8b 77.3a
A 84.3a 79.9ab 39.8¢c 72.3b
2007 (6) X 1 58.6¢ 139.6a 68.0c 92.5b
K 2 73.0a 61.2b
2008 (7) & 94.6a 78.5b 49.8¢ 72.8b
H1 90.3b 113.3a 75.3¢ 93.1b
2009 (8) BE 101.4a 110.1a 70.0b 112.9a
5 108.6a 116.4a 80.0b 112.5a
2013 (12) & 92.6b 125.6a
51 100.8b 135.1a
=) 78.9b 131.8a
K 1 95.5a 107.8a
k2 75.0a 67.6a
2014(13) 5 84.0b 115.9a
51 78.9b 125.0a
52 76.4b 93.1a
s 4hRHA 100.7b 113.6a 73.8¢ 103.7b
e AHA 91.0b 100.6a
IR HESR -0.343 0.501* 0.599** 0.440%*

HRETEMEER S FREE T RER R E 5% B3  Values followed by the same letters are not significant
difference at =0.05. 47KH Young stage: 2004-2006 ~ ¥ /RH Mature stage: 2013

O:FEINEE BB EE B A RFE The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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Table 10 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the 100-shoot

weight in different years and tea seasons

R P = AEEUE ABEUEE MEBLLZE 23858 278 18 58 245 19 98 2% 20 5%
Tea Eivan) GEEL
Year season YKL YKO NF T8 T18 T19 T20
___g___
2010 (3) BHE 131.5ab 112.5be 133.3ab 153.0a 127.8b 88.8¢ 91.3¢c
F=3 105.0bc 112.0bc 112.3bc 153.0a 149.3a 117.0b 96.0c
H1 104.8bcd 112.8bc 113.8bc 145.3a 120.8b 87.5d 99.5¢cd
k2 103.3b 104.0b 102.8b 125.3a 102.8b 94.0b 77.5¢
A 89.3cd 95.0c 98.5¢ 136.5a 115.0b 82.0d 80.5d
2011 (4) & 103.0bc 119.3ab 99.8bc 136.8a 127.3a 87.5¢ 84.5¢
1 124.5¢ 109.0cd 147.3b 188.5a 157.3b 111.5¢d 101.3d
22 106.5bc 109.8bc  99.5¢cd 140.3a 117.0b 82.3¢ 86.5de
k1 94.0b 92.0bcd  92.5bc 110.3a 78.3de 79.3cde 70.5¢
k2 102.0b 103.5b 92.5b 141.0a 102.0b 77.0c 76.5¢
A 73.0bc 79.0bc 87.5ab 98.5a 91.0ab 64.0c 60.5¢
2012 (5) BE 108.5b 105.5b 103.0bc 124.0a 114.5ab 77.5d 88.0cd
& 104.0b 102.0b 111.0b 144.0a 131.0a 109.5b 107.0b
1 106.0abc  108.0ab  91.5bc 115.0a 103.5abc  92.0bc 90.0c
k1 99.5ab 100.0ab  92.0bc 116.5a 96.5bc 81.5cd 67.0d
k2 78.0bc 78.5bc 89.5b 122.5a 87.5b 66.0cd 54.5d
A 76.5b 99.5a 74.5b 97.5a 74.0bc 58.5¢cd 55.0d
2013 (6) BE 105.0cd 119.5bc 105.5¢cd 152.5a 125.5b 97.5d 91.0d
& 127.0bc 131.5bc 126.0bc 168.5a 142.5ab  99.5¢ 106.0c
H1 94.0c 90.0c 92.0c 162.5a 121.5b 96.5¢ 94.5¢
=) 94.5bc 97.5bc 104.0b 127.5a 101.5b 79.0c 78.0c
k1 85.5¢ 91.0bc 99.0b 116.0a 93.0bc 71.5d 68.0d
k2 77.0b 77.0b 79.0b 97.0a 71.5bc 61.0c 62.5¢
2014 (7) [ A& 80.5¢ 81.0bc 82.0bc 116.0a 99.0ab
E= 108.5b 112.5b 117.0b 145.5a 124.0ab 109.0b 104.5b
1 113.5¢ 113.3¢ 120.5bc 156.5a 130.0b 77.0d 74.5d
=) 106.0bc 118.5bc 99.5bc 170.0a 120.0b 104.0bc 101.0c
k1 98.5b 99.0b 84.0bcd 140.0a 90.5bc 70.5d 73.0cd
k2 99.8b 90.5b 97.5b 116.5a 105.5ab  72.5¢ 64.0c
A 89.5ab 83.0abc 96.5ab 103.0a 95.0ab 62.0c 78.0bc
2015 (8) B& 88.5ab 80.5abc 103.0a 89.0ab 89.0ab 67.0bc 54.0c
E= 126.5ab  94.5d 120.5b 149.0a 147.5a 103.0cd  91.0d
H1 107.0b 94.5bc 95.0bc 126.0a 110.0ab 89.0c 81.5¢
=) 97.0b 75.5d 93.5bc 127.0a 93.5bc 65.5d 77.0cd
k1 78.5ab 60.0bc 68.0bc 94.0a 63.5bc 60.0bc 51.5¢
£ 73.0a 76.5a 95.0a 91.5a 82.5a 46.5b 47.5b
REAES] SREE  98.0c 100.5¢ 98.4c 127.9a 106.7b 82.2d 78.4d
ERARHE  98.3cd 94.7¢cd 99.8¢ 129.6a 105.9b 79.5¢ 77.6¢
FHE &5 E% -0.348* -0.575**  -0.301 -0.464**  -0.609** (.231 -0.221

ROEITAMRICSCF R RORERRE 5% 3% -
Values followed by the same letters are not significant difference at 0=0.05.
Z7RHH Young stage: 2011-2012 ~ ¥ 7KHH Mature stage: 2013-2015

The abbreviations of cultivars are same as table 1.

O FEIMNETF B2 B B4 R4S The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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Table 11 Comparison of Yung-Kang wild tea and small-leaf cultivars on the yield in different years and
tea seasons

FE *E ZHIIPS RESHE LR Bk 12 5%
Tea Yung-Kang Dah-Yeh Chin-Shin TTES
Year season Wild tea Oolong Oolong No.12
----g/plant----
2003 (2) Bk 8.8c 19.9b 24.6b 38.8a
2004 (3) & 17.9¢ 42.2b 38.5b 54.6a
B 1 35.7b 28.8b 41.2b 103.0a
B2 21.8¢ 37.4b 29.5be 71.6a
K 1 21.2b 27.8b 20.0b 54.7a
k2 28.1b 35.0b 31.6b 68.1a
% 33.6b 20.1c 15.8¢c 44.1a
2005 (4) & 43.3a 20.5b 26.9b 43.9a
B1 32.9b 22.1b 35.1b 93.1a
k1 62.2¢ 60.2¢ 86.4b 119.7a
A 68.3b 59.2b 73.7b 112.8a
2006 (5) & 60.5a 18.6b 30.3b 63.1a
B 1 72.9b 39.1¢c 59.4b 143.3a
B2 74.5b 51.3¢ 63.8bc 116.8a
k1 70.9a 35.4b 52.6ab 72.3a
k2 77.9b 48.0c 52.8bc 118.6a
A 50.4b 34.5bc 27.5¢ 70.5a
2007 (6) k1 73.6a 78.5a
Bk 2 55.2b 80.1a
2008 (7) =S 63.2a 32.2b 22.4b 62.1a
251 95.3a 36.6b 44.3b 116.9a
2009 (8) BHE 90.8a 38.7b 35.4b 77.4a
& 81.9a 39.8b 34.0b 95.2a
B 1 110.1b 67.7¢ 35.9d 188.5a
2013 (12) & 280.0a 89.3b
B1 211.8a 97.4b
B2 295.9a 125.9b
k1 294.5a 108.1b
k2 210.9a 83.5b
2014 (13) P 236.2a 100.5b
B1 200.5a 126.1b
52 251.1a 118.5b
s LHARHH 47.5b 33.8d 42.3c 81.2a
A 249.3a 97.9b

TP RIT AR R RN A R ARGE 5% B -

Values followed by the same letters are not significant difference at 0=0.05.

47KEH Young stage: 2004-2006 ~ % /KEH Mature stage: 2013

O FEIMNEE BB EE B A RMEE The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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Table 12 Comparison of Yung-Kang wild tea, Nan-Fong wild tea and cultivated cultivars on the yield in

different years and tea seasons

R Pi= KRR KBS BRI 2R 8598 258 1858 2% 19 5% =55 20 5%
Tea tivaa) NEIEl

Year season YKL YKO NF T8 T18 T19 T20

--g/plant--

2010 3) H& 114.5a 50.3¢ 75.9b 79.2b 82.2b 29.8¢ 34.8¢
& 116.5a 65.2¢ 67.1c 108.2ab 54.2¢ 81.3bc 56.6¢
1 167.6a 128.0b 107.7bc 97.2cd 78.9d 106.1bc 95.1cd
k2 186.5a 128.5b 103.8bcd  126.0bc 102.1bcd  53.5d 76.3cd
A 91.2a 72.6ab 82.5a 91.1a 88.0a 55.1bc 44 8¢

2011 (4) &/ 74.2a 38.0c 40.6¢ 65.4ab 63.0ab 55.8abc 48.1bc
B 1 160.1a 95.8¢ 100.9bc 132.2ab 109.2b 112.5bc 123.8bc
B2 227.8a 185.8b 114.3¢ 173.4b 108.8¢ 126.5¢ 106.9¢
k1 133.6ab 137.3ab 68.9¢ 117.2b 74.6¢ 82.5¢ 156.9a
k2 249 .2a 239.4a 116.8bc 143.8b 106.2¢ 60.6d 113.8bc
A 236.9ab 206.6bc 124.8d 267.0a 159.4d 165.3cd 159.5d

2012 (5) H& 100.4a 81.1b 44.0c 81.8b 54.4c 42.3¢c 44.3¢
& 149.9a 84.1cd 72.7d 111.8bc 73.8d 111.3bc 136.8ab
B 1 209.7a 118.1b 106.1b 135.3b 96.6b 144.6b 135.6b
k1 284.9a 192.1c 125.3d 177.1cd 125.6d 201.1bc 258.1ab
k2 187.7a 148.4ab 123.7bc 113.9bc 112.1bc 88.8¢ 139.8b
=8 181.2a 136.7ab 148.0ab 167.1a 132.3ab 54.0c 97.5bc

2013 (6) F& 130.0a 118.3a 76.8bc 98.7ab 80.6bc 62.5¢ 53.7¢
& 110.3a 158.8a 136.5a 110.1a 90.7a 130.6a 136.8a
B 1 234.0a 236.4a 153.3b 190.5ab 155.7b 147.5b 261.3a
B2 245.7a 258.1a 154.8b 274.7a 152.3b 131.3b 256.3a
k1 185.7abc  196.5ab 129.3cd 223.4a 169.0abc  66.3d 140.0bc
£k 2 211.9b 208.4b 119.8¢cd 296.7a 200.5b 76.3d 172.5bc

2014 (7) W% 127.1b 113.6b 44 .6¢ 209.6a 84.8bc
E=S 91.9ab 77.1ab 71.3b 138.6a 135.9a 51.8b 73.2b
21 103.8b 87.6b 70.8b 165.7a 92.8b 77.5b 97.4b
B2 162.3ab 139.6abc  83.3c 130.0abc  84.7c 102.5bc 188.2a
k1 228.1a 210.1a 79.2b 226.2a 163.9ab 76.3b 221.1a
k2 229.5a 189.5ab 150.0ab 205.5ab 158.1ab 42.5¢ 135.5b
=8 117.6abc  95.0abc 87.9bc 211.9a 184.2ab 38.3¢c 49.5¢

2015 (8) H& 113.9ab 126.5ab 96.7ab 172.9a 105.5ab 66.3b 61.1b
& 159.9ab 137.5ab 67.5b 239.8a 108.9ab 106.3ab 181.6ab
21 239.9a 215.6ab 120.8d 207.1abc  145.8bcd 143.7cd 257.9a
B2 270.1a 242 .4a 141.7bc 262.1a 205.6ab 81.8c¢ 223.7ab
k1 318.1a 205.0bcd  139.6¢d 275.0ab 240.9abc  116.5d 262.5ab
=8 218.7a 211.9a 116.7ab 188.3a 226.3a 29.0d 173.3ab

Sy SREH  183.0a 138.6b 98.8d 140.5b 101.3d 103.8d 126.7¢
FiRHE  187.0ab 178.8bc 115.3e 200.5a 147.9d 90.1f 165.2¢

RHITAMRFSC TR TR R E 5% B -

Values followed by the same letters are not significant difference at 0=0.05.
SN7KEH Young stage: 2011-2012 ~ i /RHH Mature stage: 2013-2015 ~ 2015 Fk 1 ~ KEE © %

The abbreviations of cultivars are same as table 1.

O FEIMNEFE BB EEZ A RMEE The number in parentheses indicates the growth-year of tea tree after

planting in tea garden



71
EEZCEISUA R 381 71-96 (2019)
Taiwan Tea Research Bulletin 38 : 71-96(2019)

PRFEREHFMLTZEFLEE

At H ER PR ER R s A IR 2 A BT - DU BOR B A28 R DL T i
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RIS o R BT - ERIIEE N BE R 8 - SERE ROl S B i OB RetR -
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TEbE R R e R GRS AR SRR R - 28 2o
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R AR S5 % -
MRS A

— ~ M}

AT Z R SR AR A BB 2 H 8 (JL4R 22°54'37" ~ R4 121°07'25")
SERZS LT > B 175 AR - SR ERER AR AR LS B ERESRE - O EHE
R0 o AR A E RS S AU E R EERN = 240 A5 0 BT RradbE -
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LS R U
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(HOBO) MEfTREERMES - suskE/ NEERIRE RO ERTEL > i BoxCar Pro 3.51 #fg EHH:E
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2AERRMIR: ISR R B > e 3 IRET B EIME -
(1) fife: 2 EA R AL
(2) Bt HFAEFEH SRR - BEERE A SR 2 Zoh Ry B -
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(4) EAfERE: 55 R =i K -
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(8) EEMME: FERXFEE*0.7 -
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A (FW—DW) FW > STERFE/KE -
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Effect of Shading on the Growth and Quality of Tea
Trees in Summer and Autumn Tea Seasons

Hun-Yuan Cheng
Summary

The purpose of this experiment was to investigate the growth of different tea cultivars in the shading
environment and the effect on the quality of tea, so as to understand the shading adaptability of different
tea cultivars, as a reference for the application of shading facilities in tea gardens. The experimental
treatments included (A) shading facilities (70%), (B) shading facilities (50%), and (C) Control plot (no
shading CK). According to the experimental results, the tea garden was equipped with an elevated
horizontal black shade networks. The temperature decreases with the increase of the shading, the relative
humidity increases, and the effect of reducing the luminosity were achieved. Especially in the case of
high temperature and foehn happen, the temperature in the no shading facilities was significant higher
than that in the shading facilities. When the relative humidity was lower, the humidification phenomenon
in the shading facilities was particularly obvious. Shading could promote the expansion of the canopy of
tea trees. The leaf number, shoot length, plucking shoot length, internode diameter, internode length, leaf
length, width and area were larger than that of no shading facilities, and the leaf thickness was shows
opposite changes. The shoot density of the shading facilities was lower, the weight of the bud was higher,
and the water content of the tea bud was slightly larger or closer to the no shading facilities. Yields can
increase in shading facilities in June White and autumn tea season. Yong-Kung wild tea has higher yield
in shading facilities, Day-Yeh oolong with 50% shading was higher yield, Chin-Shin Oolong and TTES
No. 12 were roughly higher yields in shading facilities, yield of summer tea season and White Dew in
shading facilities was similar or lower than the no shading facilities, but did not show significant
differences. Four cultivars of the honey-flavor green tea made from the shading facilities, the quality was
better. The shading effect of autumn tea season was greater than the summer tea season.

Key words: Tea tree, Shading, Microclimate, Growth, Quality

Former Associate Agronomist, Taitung Branch, Tea Research and Extension Station, Taitung, Taiwan
R.O.C.
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Table 1 Effect of shading on the plant growth of tea tree

THER = T R IS TEER  ELER
Plant Tea Year Treatment Yung-Kang Dah-Yeh Chin-Shin
growth season wild tea Qolong Qolong
L Cm—

s =P 2004 70% 63.9a 80.5a 72.9a 92.0a

Tree height Summer 5/18 50% 60.9a 83.8a 73.0a 85.9a

tea CK 56.5a 85.5a 72.7a 90.9a

2004 70% 67.2a 86.1a 80.Ta 104.3a

7/12 50% 58.3a 91.2a 79.9a 96.8b

CK 54.0a 89.8a 73.7a 98.0b

2005 70% 66.4a 74.1a 69.4a 91.Ta

5/9 50% 56.8a 72.4a 66.6ab 84.2a

CK 54.4a 77.0a 62.3b 85.7a

2006 70% 69.6a 69.4b 67.6a 91.0a

5/26 50% 60.2b 76.9a 66.9a 85.8b

CK 64.0ab 76.2a 69.7a 91.0a

2006 70% 68.0a 91.6a 70.9a 86.9a

7/18 50% 62.0a 99.8a 70.8a 91.0a

CK 63.1a 98.0a 67.0a 90.2a

IS 2004 70% 64.Ta 72.2a 70.7a 86.7a

Autumn 9/9 50% 58.7a 80.0a 71.0a 87.1a

tea CK 55.7a 82.0a 67.0a 85.7a

2004 70% 68.1a 80.4a 69.8a 89.3a

10/21 50% 62.1a 81.2a 72.1a 93.0a

CK 55.7a 80.5a 71.2a 84.0a

2005 70% 72.4a 82.7a 76.6a 100.6a

9/14 50% 64.6ab 84.9a 78.3a 97.1a

CK 62.3b 80.8a 72.3a 99.3a

2006 70% 65.2a 76.3a 65.3a 85.7a

9/8 50% 61.8a 72.7a 67.7a 84.2a

CK 61.3a 74.2a 64.7a 87.0a

2006 70% 67.4a 75.0a 64.0a 82.9a

10/31 50% 61.7a 66.6b 62.0a 83.9a

CK 61.8a 70.3ab 61.2a 82.2a

2007 70% 79.3a 82.3b 71.6a 98.7a

8/30 50% 71.7b 94.1a 78.3a 99.7a

CK 71.3b 87.0ab 77.8a 93.3a

e [EBS 2004 70% 53.2a 81.3a 83.6a 105.4a

Tree width Summer 5/18 50% 49.2a 85.2a 78.6b 98.0a

tea CK 41.5a 88.5a 79.0b 99.0a

2004 70% 54.Ta 82.0a 85.6a 107.9a

7/12 50% 49.1ab 86.3a 75.9a 102.9ab

CK 39.3b 88.0a 74.8a 98.8b

2005 70% 62.7a 76.3b 82.9a 112.4a

5/9 50% 54.7a 90.4a 80.8a 105.2b

CK 44.9b 80.2ab 77.0a 105.0b

2006 70% 77.6a 86.3a 96.9a 121.7a

5/26 50% 74.9a 95.3a 95.7a 116.8a

CK 66.5a 96.5a 94.5a 119.2a

2006 70% 87.3a 91.6a 98.6a 129.6a

7/18 50% 78.2a 99.8a 104.0a 125.3a

CK 72.5a 98.0a 101.2a 126.5a

S 2004 70% 54.4a 82.0a 85.6a 105.6a

Autumn 9/9 50% 51.4ab 86.8a 80.7b 102.1ab

tea CK 38.0b 86.8a 76.0c 94.8b

2004 70% 56.1a 87.4a 87.3a 108.2a

10/21 50% 50.0a 91.1a 79.0a 100.1b

CK 38.7a 89.2a 77.8a 100.2ab

2005 70% 69.6a 91.6a 92.6a 121.0a

9/14 50% 63.1ab 95.4a 94.0a 114.4b

CK 52.0b 93.2a 89.5a 112.0b

2006 70% 78.0a 98.8a 97.1a 133.4a

9/8 50% 76.4a 106.1a 102.7a 131.2a

CK 71.5a 99.0a 103.5a 124.0a

2006 70% 77.4a 95.4a 97.8a 129.3a

10/31 50% 80.2a 99.6a 99.4a 124.9a

CK 69.7a 98.7a 96.7a 126.3a

2007 70% 101.7a 82.2b 93.2a 128.8a

8/30 50% 92.6a 9%.1a 98.7a 124.7a

CK 84.0b 87.0ab 98.2a 132.7a

R ETAMRFSC T RETORAZRARE 5h B -

Values followed by the same letters are not significant difference at 0=0.05.
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Table 2 Effect of shading on the shoot characteristics of tea tree in summer tea season
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Treat- Leaf Shoot Plucking Internode diameter Internode length
Cultivar Year ment number length  shoot length — - — -
Ist 2nd Ist 2nd

no. cm cm ---mm--- -—-cm---
KFELLZS 2004 70% 4.5a 16.0a 12.0a 1.43a 1.72a 1.43a 2.44a
Yung-Kang 5/21 50% 4.5a 15.0a 11.6a 1.51a 1.79a 1.46a 2.21a
wild tea CK 4.6a 15.6a 11.8a 1.50a 1.76a 1.43a 2.36a
2005 70% 4.9a 18.7a 13.1a 1.46ab 1.81ab 1.42ab 2.78a
5/9 50% 4.2b 16.7ab 13.0ab 1.55a 1.82a 1.77a 2.71a
CK 4.0b 16.1b 11.6b 1.36b 1.63b 1.25b 2.25a
2006 70% 4.1a 13.9a 10.6a 1.45a 1.76a 1.38a 2.24a
526 50% 4.0a 13.5a 10.4a 1.50a 1.76a 1.24a 2.06a
CK 4.5a 15.2a 11.1a 1.44a 1.80a 1.01a 2.60a
2008 70% 3.6a 13.5a 11.2a 1.57a 1.91a 1.53a 2.32a
5/15 50% 3.6a 13.9a 11.4a 1.55a 1.88a 1.49a 2.43a
CK 3.7a 12.9a 10.9a 1.44a 1.77a 1.22a 2.19a
KEEFE 2004 70% 5.6b 21.2a 13.1a 1.83a 2.09b 221a 3.18a
Dah-Yeh 5/21 50% 5.5b 21.3a 13.4a 1.93a 2.16ab 2.24a 3.17a
Oolong CK 5.9a 21.4a 13.0a 1.94a 2.23a 2.03a 3.04a
2005 70% 4.6a 19.8a 10.9a 1.68b 1.96a 1.89b 3.55a
5/9 50% 4.5a 19.0a 12.6a 1.72ab 1.95a 2.29a 3.38a
CK 4.6a 20.4a 14.0a 1.82a 2.05a 2.32a 3.70a
2006 70% 4.9a 19.6a 12.2a 1.67a 1.97a 1.59a 3.07a
526 50% 5.2a 21.6a 12.6a 1.79a 2.04a 1.83a 3.0la
CK 5.2a 23.2a 13.3a 1.80a 2.09a 1.97a 3.57a
2008 70% 4.2a 16.3a 11.5a 1.69a 2.02a 1.79a 3.23a
5/15 50% 4.5a 16.4a 11.3a 1.69a 2.03a 1.77a 3.00a
CK 4.1a 16.4a 11.8a 1.71a 2.07a 1.86a 3.34a
HEHE 2004 70% S.1a 16.7a 10.9a 1.71a 1.95a 1.60a 2.49a
Chin-Shin ~ 5/21 50% 5.1a 15.8a 10.4a 1.75a 1.95a 1.63a 2.39a
Oolong CK 5.5a 17.1a 10.5a 1.71a 1.92a 1.57a 2.36a
2005 70% 4.3a 14.8a 11.4a 1.56a 1.81a 1.97a 3.09a
5/9 50% 4.4a 16.2a 11.3a 1.58a 1.80a 1.85a 2.84a
CK 4.6a 16.3a 11.1a 1.64a 1.84a 1.67a 2.58a
2006 70% S5.1ab 17.8a 10.9a 1.64a 1.81a 1.55a 2.53a
526 50% 5.2a 18.4a 10.6ab 1.78a 1.95a 1.67a 2.42a
CK 4.8b 16.6a 9.8b 1.59a 1.83a 1.28a 2.48a
2008 70% 4.5a 12.2a 9.3a 1.66a 1.93a 1.29a 1.79a
5/15 50% 4.8a 13.3a 9.5a 1.65a 1.94a 1.20a 2.03a
CK 4.3a 11.4a 9.1a 1.67a 1.95a 1.29a 1.83a
=25+ T5F 2004 70% 6.1a 25.4a 13.8a 1.95a 2.23a 2.43a 341a
TTES 521 50% 6.2a 24.3a 13.6a 1.94ab 2.22a 2.33ab 3.47a
No. 12 CK 6.1a 24.4a 12.8a 1.81b 2.06a 1.98b 3.35a
2005 70% 5.6a 25.6a 12.9a 1.73a 2.05a 2.00a 3.55a
5/9 50% 5.3a 23.5a 12.6a 1.80a 2.05a 2.10a 3.49a
CK 5.3a 24.5a 12.7a 1.78a 1.98a 2.21a 3.51a
2006 70% 5.9a 27.5a 13.6a 1.86a 2.17a 2.17a 3.75a
526 50% 5.7a 25.1a 13.0a 1.85a 2.10a 2.14a 3.52a
CK 5.9a 26.3a 12.8a 1.88a 2.16a 2.14a 347a
2008 70% 4.7a 16.7a 10.7a 1.64a 1.95a 1.51a 3.13a
5/15 50% 4.7a 15.5a 10.5a 1.71a 1.98a 1.53a 2.89a
CK 4.6a 15.5a 10.2a 1.67a 1.99a 1.42a 2.89a

RPETAMRTSCF B R TR E Sh B3 -

Values followed by the same letters are not significant difference at 0=0.05.
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Table 3 Effect of shading on the shoot characteristics of tea tree in June White

Heoe R RE ERE FR O OBREFR SRS fifE&
Treat- Leaf Shoot Plucking Internode diameter Internode length
Cultivar Year ment number length  shoot length — - — -
Ist 2nd Ist 2nd
no. cm cm ---mm--- ---cm---
AEELLZE 2004 70% 5.8a 15.9a 10.3a 1.55a 1.85a 0.86a 1.53a
Yung-Kang 7/12 50% 5.7a 15.7a 9.9a 1.33a 1.67a 1.12a 1.58a
wild tea CK 5.6a 15.0a 9.7a 1.63a 1.92a 0.94a 1.48a
2005 70% 9.2a 30.3a 13.1a 1.94a 2.16a 1.44a 2.08a
7/27 50% 8.9a 27.0ab 11.8ab 1.94a 2.25a 1.27a 1.77a
CK 8.2a 22.6b 10.4b 1.85a 2.08a 1.02a 1.62a
2006 70% 5.0a 17.5a 10.8a 1.37a 1.65a 1.07a 2.37a
7/18 50% S.1a 16.9ab 10.5a 1.43a 1.68a 1.08a 2.10b
CK 4.7a 15.7b 10.4a 1.49a 1.77a 0.87a 1.88b
2007 70% — — 8.4a 1.70a 2.00a 0.86a 1.25a
8/2 50% — — 8.7a 1.57a 1.83a 0.83a 1.29a
CK — — 5.7b 1.42a 1.66a 0.45b 0.76b
2009 70% 4.9a 18.8a 12.4ab 1.47a 1.81a 1.46a 2.85a
7/31 50% 4.8a 18.0a 13.0a 1.67a 2.01a 1.79a 2.95a
A CK 4.3b 14.4b 11.1b 1.55a 1.81a 1.47a 2.38a
2009 70% 4.8a 14.2a 9.8a 1.39a 1.64a I.11a 2.02a
7/31 50% 4.7a 14.5a 10.2a 1.35a 1.64a 1.23a 2.22a
B CK 4.5a 12.2a 9.5a 1.39a 1.65a 1.16a 1.99a
KEEFE 2004 70% 5.9a 18.7a 10.7a 1.83b 2.04b 1.38b 2.16a
Dah-Yeh 7/12 50% 6.1a 21.3a 11.7a 1.99a 2.19a 1.63a 2.53a
Oolong CK 6.0a 20.8a 11.6a 1.94ab 2.15ab 1.59a 2.45a
2005 70% 8.7a 31.7a 13.1a 2.05a 2.23a 1.81a 2.90a
7/27 50% 8.7a 31.6a 11.9a 2.04a 2.25a 1.53a 1.46a
CK 8.5a 32.6a 11.9a 2.03a 2.22a 1.45a 2.07a
2006 70% 5.0b 22.3a 12.1b 1.53b 1.80a 1.53a 3.43b
7/18 50% 5.6a 24.1a 13.0a 1.67a 1.93a 1.69a 3.88a
CK S5.lab  21.0a 12.7ab 1.59ab 1.80a 1.78a 3.68ab
2007 70% — — 9.7a 2.07ab 2.28a 1.32a 1.62a
8/2 50% — — 10.7a 2.27a 2.48a 1.53a 2.02a
CK — — 8.1b 2.04b 2.27a 0.89b 1.14b
HOLEFE 2004 70% 5.7a 15.9a 9.3a 1.67a 1.85a 1.25a 1.81a
Chin-Shin ~ 7/12 50% 5.7a 16.6a 9.5a 1.72a 1.89a 1.28a 1.94a
Oolong CK 6.0a 16.6a 9.3a 1.70a 1.90a 1.38a 1.92a
2005 70% 9.4a 29.2a 10.8a 1.89a 2.09a 1.31ab 2.01b
7127 50% 9.6a 33.0a 10.9a 1.85a 2.10a 1.47a 2.35a
CK 9.4a 32.0a 9.9b 1.85a 2.00a 1.18b 1.88b
2006 70% 5.5a 15.8a 8.0a 1.32a 1.46a 0.88a 1.92a
7/18 50% 5.3a 15.5a 8.4a 1.31a 1.50a 091a 1.94a
CK 5.1a 16.0a 8.5a 1.40a 1.84a 1.07a 2.23a
2007 70% — — 7.6a 1.87a 2.08a 0.93a 1.33a
8/2 50% — — 7.1a 1.81a 2.05a 091a 1.29ab
CK — — 6.1b 1.74a 1.92a 0.85a 1.06b
=25+ 5k 2004 70% 7.2a 25.2a 10.1a 1.78a 1.95a l.41a 1.82a
TTES 7/12 50% 7.5a 23.7a 10.0a 1.78a 1.97a 1.33a 1.91a
No. 12 CK 7.4a 23.2a 9.4a 1.80a 1.97a 1.27a 1.71a
2005 70% 10.4a 33.9a 10.3a 1.79a 1.99a 1.30a 2.07a
7/27 50% 10.3a 38.3a 10.9a 1.86a 2.03a 1.40a 2.20a
CK 10.9a 36.9a 10.1a 1.73a 1.93a 1.33a 2.21a
2006 70% 6.1b 23.4a 8.4a 1.48a 1.68a 1.01a 2.17a
7/18 50% 6.6a 25.3a 9.2a 1.47a 1.68a 1.13a 2.43a
CK 5.9b 22.0a 10.0a 1.53a 1.73a 1.23a 2.69a
2007 70% — — 9.3a 1.88a 2.06a 1.18ab 1.61a
8/2 50% — — 9.0a 1.87a 2.05a 1.32a 1.78a
CK — — 7.7b 1.78b 1.96a 1.07b 1.48a

P EITAMRS T REFORERARE % B -
Values followed by the same letters are not significant difference at a=0.05.
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Table 4 Effect of shading on the shoot characteristics of tea tree in autumn tea season
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Treat- Leaf Shoot Plucking Internode diameter Internode length
Cultivar Year ment number length  shoot length — - — -
Ist 2nd Ist 2nd
no. cm cm ---mm--- ---cm---
AKEELIZE 2004 70% 4.9ab 12.4a 9.0a 1.55a 1.85a 0.94a 1.38a
Yung-Kang 9/3 50% 5.2a 12.5a 8.8a 1.61a 1.89a 1.03a 1.43a
wild tea CK 4.6b 10.3a 7.9a 1.62a 1.91a 0.74a 1.16a
2005 70% 6.0a 24.2a 14.1a 1.77a 1.97a 2.27a 3.27a
9/18 50% 6.2a 23.0a 12.9a 1.74a 1.97a 1.89a 2.95a
CK 6.2a 19.9b 12.0a 1.73a 1.97a 1.68a 2.63a
2006 70% 4.7a 13.6a 9.9a 1.42a 1.80a 1.18a 2.05a
9/8 50% 4.8a 14.5a 10.1a 1.48a 1.75a 1.31a 2.05a
CK 4.6a 12.2b 8.5b 1.42a 1.70a 0.80b 1.50b
2007 70% — — 11.7a 1.54a 1.87ab 1.53a 241a
9/3 50% — — 11.5a 1.62a 1.96a 1.50a 2.37a
CK — — 9.8b 1.48a 1.75b 0.99b 1.74b
2009 70% 4.7a 18.4a 13.1a 1.68a 2.0la 1.98a 2.95a
9/22 50% 4.8a 17.3ab 12.1ab 1.6la 1.97a 1.53ab 2.69a
A CK 4.1b 14.2b 11.1b 1.65a 1.91a 1.35b 2.13a
2009 70% 4.8a 15.6a 11.0a 1.42a 1.71a 1.43a 2.3%9
9/22 50% 4.7a 14.2ab 10.2ab 1.42a 1.71a 1.29a 2.18ab
B CK 4.3a 12.1b 9.1b 141a 1.70a 1.03a 1.89b
KRESHE 2004 70% 5.9a 15.5a 9.3a 1.68a 1.84a 1.20a 1.82a
Dah-Yeh 9/3 50% 5.9a 16.9a 9.4a 1.72a 1.88a 1.26a 2.08a
Oolong CK 5.2b 16.1a 9.8a 1.76a 1.95a 1.52a 2.18a
2005 70% 6.3a 29.3ab 14.6a 1.92a 2.27a 2.52a 4.14a
9/18 50% 6.2a 31.2a 14.5ab 2.03a 2.38a 2.52a 4.00a
CK 6.1a 26.8b 13.5b 1.88a 2.20a 2.39a 3.73a
2006 70% 5.9a 19.1a 11.4a 1.69a 1.91a 1.81a 2.93a
9/8 50% 6.4a 22.4a 11.5a 1.81a 2.07a 1.70a 2.85a
CK 5.7a 18.8a 11.5a 1.74a 2.0la 1.54a 2.51a
HOERE 2004 70% 5.1a 11.8a 7.3a 1.46b 1.60b 0.82b 1.36b
Chin-Shin  9/3 50% 5.4a 12.1a 8.2a 1.49ab 1.65ab 0.91ab 1.46ab
Oolong CK 5.2a 11.5a 7.5a 1.56a 1.73a 1.00a 1.66a
2005 70% 7.1a 26.4a 11.4a 1.85a 2.15a 1.71a 2.69a
9/18 50% 7.0a 25.1a 10.9a 1.83a 2.13a 1.71a 2.63a
CK 6.1b 20.3a 9.3b 1.66b 1.94a 1.78a 2.46a
2006 70% 5.2a 13.4a 8.9a 1.58a 1.83a 1.19a 2.04a
9/8 50% S5.1a 13.8a 8.9a 1.55a 1.75a 1.29a 2.00a
CK 5.3a 12.2a 7.5a 1.49a 1.70a 0.98a 1.62b
Z551 9% 2004 70% 6.0a 15.4a 8.0a 1.56a 1.70a 1.02a 1.55a
TTES 9/3 50% 6.2a 17.0a 8.5a 1.67a 1.82a 1.15a 1.67a
No. 12 CK 5.9a 15.5a 8.1a 1.60a 1.76a 1.17a 1.71a
2005 70% 7.1a 34.1a 12.2a 1.83a 2.18a 1.89a 3.0la
9/18 50% 7.2a 31.8a 11.6a 1.85a 2.40a 2.59a 2.75a
CK 7.0a 29.4a 11.0a 1.83a 2.16a 2.08a 2.94a
2006 70% 6.5a 19.7a 9.1a 1.56b 1.76a 1.14b 2.24a
9/8 50% 6.2a 19.9a 9.1a 1.54b 1.74a 1.27ab 2.22a
CK 6.2a 18.8a 9.5a 1.70a 1.89a 1.54a 2.41a

RPETAMERFE A RRARARE 5h B -

Values followed by the same letters are not significant difference at a=0.05.

A TER BAETE ~ B: iR BIEEE —: K&



84

R~ OERHEEEIR

b

g

]

==

i

MR

FEEMITE R 5 38 H (2019)

IS5l
R

Table 5 Effect of shading on the shoot characteristics of tea tree in White Dew

iy R OEE R R PRIf & HffEAR fif R

Treat-  Leaf Shoot Plucking Internode diameter Internode length

Cultivar Year  ment number length shoot length — - — -
Ist 2nd Ist 2nd

no. cm cm ---mm--- ---cm---

REELLZS 2004  70% 4.5a 13.9a 10.2a 1.49a 1.75a 1.10a 1.89a
Yung-Kang 1021  50% 4.5a 11.9a 9.4a 1.51a 1.77a 1.01a 1.69a
wild tea CK 4.4a 11.1a 9.0a 1.44a 1.69a 0.94a 1.73a
2006  70% 3.8a 13.6a 11.3a 1.50a 1.83a 1.43a 2.51a
10/31  50% 3.9a 13.5a 10.8a 1.42a 1.73a 1.31a 2.26a
CK 3.6a 12.8a 10.3a 1.53a 1.83a 1.37a 2.17a
2007  70% 4.6a 13.3a 9.7a 1.37a 1.70a 0.90a 1.89a
1026  50% 4.6a 12.6ab 9.3a 1.50a 1.85a I.11a 1.73a
CK 4.1a 11.1b 9.1a 1.43a 1.75a 0.93a 1.57a
KEEFE 2004  70% 4.7b 14.5a 9.5a 1.63a 1.87a 1.23a 2.22a
Dah-Yeh 1021 50% 5.1a 16.4a 10.8a 1.82a  2.07a 1.46a 2.57a
Oolong CK 5.1ab 17.4a 10.3a 1.77a 2.08a 1.37a 2.31a
2006  70% 3.9b 12.7a 9.5a 1.54a 1.76a 1.20a 2.22a
10/31  50% 4.3a 14.1a 9.4a 1.52a 1.80a 1.19a 2.21a
CK 3.9b 12.4a 9.1a 1.54a 1.77a 1.19a 2.16a
2009  70% 5.0a 18.6a 10.9a 1.59ab 1.85b 1.55a 2.55ab
10/1 50% 5.2a 18.4a 10.7a 1.54b 1.81ab 1.26b 2.45b
CK 4.5b 16.7a 11.5a 1.72a 2.01a 1.62a 3.08a
HOhERE 2004  70% 4.7b 10.9a 7.3a 1.46b 1.59b 0.76a 1.31a
Chin-Shin  10/21  50% 5.3a 11.7a 7.0a 1.55a 1.70a 0.71a 1.30a
Oolong CK 4.9b 11.8a 7.8a 1.57a 1.72a 0.96a 1.58a
2006  70% 34a 7.4a 6.6a 1.40a 1.52a 0.69a 1.17a
10/31  50% 3.5a 7.7a 6.6a 1.41a 1.55a 0.73a 1.22a
CK 3.5a 8.0a 6.6a 1.42a 1.54a 0.69a 1.13a
2009  70% 4.7a 14.1a 8.9a 1.52a 1.72a 1.08a 1.83a
10/1 50% 5.4a 16.3a 9.0a 1.61a 1.82a 1.05a 1.95a
CK 4.9a 13.7a 8.4a 1.57a 1.79a 0.93a 1.71a
EX+ 58 2004 70% 5.4a 16.5a 9.0a 1.59a 1.82a 1.09a 2.28a
TTES 1021 50% 5.3a 16.2a 8.8a 1.64a 1.85a 1.05a 2.01a
No. 12 CK S.1a 14.9a 8.5a 1.56a 1.80a 0.97a 1.81a
2006  70% 4.1a 13.0a 8.7a 1.53a 1.72a 1.06a 2.01a
10/31  50% 4.0a 13.3a 8.7a 1.52a 1.69a 1.10a 1.93a
CK 3.9a 11.8a 8.2a 1.52a 1.74a 1.15a 1.76a
2007  70% 5.6a 12.9a 7.4a 1.55a 1.74a 0.86a 1.39a
10126 50% 5.2a 12.2a 7.1a 1.51a 1.71a 0.81a 1.51a
CK 5.5a 12.4a 7.3a 1.55a 1.81a 0.93a 1.59a

2009  70% 5.7a 20.8ab 9.0b 1.42b 1.62b 0.81b 2.11b
10/1 50% 5.9a 22.8a 9.5ab 1.49ab 1.74ab 1.01ab 2.47ab
CK 4.6b 18.0b 10.6a 1.62a 1.86a 1.60a 2.97a

RPETAMRIF A RERORARRE 5 BE -

Values followed by the same letters are not significant difference at a=0.05.
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Leaf length Leaf width Leaf area Leaf thickness
Cultivar Year Treatment - = - = - = - =
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
---Cm--- ---Cm--- ---cm?--- ---mm---
ARELLZE 2004  70% 7.9a 9.2a 2.6a 34a 14.3a 21.7a  0.185a 0.213b
Yung-Kang 5/21 50% 7.6a 8.8a 2.7a 3.2a 14.2a 19.7a  0.190a 0.226ab
wild tea CK 7.6a 8.6a 2.5a 3.2a 13.4a 19.2a 0.199a 0.235a
2005  70% 8.1a 10.2a 2.4a 3.2a 13.6ab 22.5a 0.182a 0.209b
5/9 50% 8.1a 9.7ab 2.5a 3.1a 14.5a 21.2a 0.191a 0.224a
CK 7.3a 9.3b 2.3a 3.2a 11.9b 20.7a  0.191a 0.222ab
2006  70% 6.5a 7.4a 2.0a 2.6a 9.2a 13.5a 0.160a 0.182a
5/26 50% 6.0a 7.3a 2.0a 2.6a 8.6a 13.5a  0.158a 0.190a
CK 6.2a 7.4a 2.2a 2.9a 9.7a 152a 0.171a 0.203a
2008  70% 7.0a 7.8a 2.5a 3.1a 12.4a 17.2a  0.193a 0.214a
5/15 50% 6.8a 8.2a 2.4a 3.1a 11.6a 18.0a  0.194a 0.225a
CK 7.0a 7.9a 2.5a 3.0a 12.4a 17.1a  0.193a 0.222a
KEEFE 2004  70% 7.1a 9.0a 2.7a 34a 13.5a 21.7a  0.270b 0.317b
Dah-Yeh 5/21 50% 7.1a 8.7a 2.6a 3.3ab 13.3a 20.6a  0.285a 0.330ab
Oolong CK 6.8a 8.3a 2.5a 3.1b 12.1a 18.2a  0.285a 0.337a
2005 70% 7.5a 8.8a 2.6a 34a 13.8a 20.8a  0.251b  0.292b
5/9 50% 7.0a 8.0a 2.5a 3.0b 12.0a 16.3a  0.261a 0.309ab
CK 7.8a 8.5a 2.6a 32ab 14.2a 18.8a 0.269a 0.324a
2006  70% 6.3a 8.3a 2.4a 3.1a 10.5a 18.0a 0.229a 0.275a
5/26 50% 6.7a 8.2a 2.5a 3.3a 11.7a 189a 0.243a 0.299a
CK 6.8a 7.8a 2.6a 3.4a 12.5a 184a 0.247a 0.297a
2008  70% 5.8a 6.9a 2.2a 2.7a 8.8a 13.3a  0.243a 0.284b
5/15 50% 5.7a 6.7a 2.1a 2.6a 8.4a 12.5a  0.248a 0.293ab
CK 5.8a 6.7a 2.2a 2.9a 9.3a 139a 0.255a 0.313a
HLERE 2004  70% 6.2a 7.5a 2.1a 2.6a 9.2a 13.8a 0.258a 0.30la
Chin-Shin 5/21 50% 5.8a 6.8a 2.0a 2.4a 8.1a 11.8a 0.269a 0.318a
Oolong CK 5.7a 6.7a 2.0a 2.4a 8.1a 11.0a 0.277a 0.319a
2005  70% 6.3a 7.3a 2.1a 2.6a 9.4a 13.4a 0.241b 0.284b
5/9 50% 6.3a 7.5a 2.1a 2.7a 9.4a 14.1a 0.248ab 0.297ab
CK 6.5a 7.0a 2.3a 2.5a 10.3a 12.5a 0.268a 0.317a
2006  70% 5.9a 7.0a 2.1a 2.6a 8.8a 127a  0.237a 0.279a
5/26 50% 5.7a 6.9a 2.0ab 2.5a 8.1a 12.0a  0.230a 0.275a
CK 4.9b 6.5a 1.8b 2.4a 6.0b I1.1a  0.220a 0.270a
2008  70% 5.4a 6.3a 1.6a 1.8a 6.1a 79a 0.228b 0.269b
5/15 50% 5.9a 6.8a 1.8a 2.0a 7.4a 9.9a 0.240b 0.281ab
CK 5.4a 6.3a 1.7a 2.1a 6.6a 9.2a 0.259a 0.297a
EX+25%5F 2004 70% 6.9a 8.9a 2.8a 3.9a 13.6a 243a  0.242a 0.280a
TTES 521 50% 6.6a 8.6a 2.7ab 3.7a 12.3ab 222a 0.243a 0.282a
No. 12 CK 6.0b 7.5b 2.6b 3.3b 10.8b 17.2b  0.243a  0.279a
2005 70% 6.5a 8.4a 2.6a 34ab 11.9a 20.0a  0.240a 0.269a
5/9 50% 6.4a 8.2a 2.5a 34a 11.4a 19.7a  0.250a 0.273a
CK 6.0a 7.2b 2.4a 3.1b 10.2a 157b  0.240a 0.269a
2006  70% 6.1a 7.9a 2.6a 3.7a 11.1a 20.8a 0.211a 0.247a
5/26 50% 6.1a 7.9a 2.6a 3.6a 11.2a 19.8a 0.217a  0.250a
CK 5.5a 7.0a 2.4a 3.2a 9.3a 15.6a 0226a 0.264a
2008  70% 5.1a 6.3ab 2.2a 2.9a 7.8a 13.1b  0.225a 0.252b
5/15 50% 5.3a 6.6a 2.3a 3.0a 8.6a 143a 0.234a 0.265ab
CK 4.8a 5.8b 2.1a 2.7a 7.0a 11.1b 0.237a 0.279a

RPETAMRTSCF B R T E R E Sh B -

Values followed by the same letters are not significant difference at a=0.05.
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Table 7 Effect of shading on the leaf agronomic characteristics of tea tree in June White

#

% 38 Hf (2019)

L e FE EHE TR S TEAITR ]
Leaf length Leaf width Leaf area Leaf thickness
Cultivar Year Treatment - = - = - = - =
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
---CM--- ---CM--- -—-Cm>2--- ---mm---
ARELLZE 2004  70% 6.8a 8.3a 2.3a 2.9a 10.7a 16.8a  0.232a 0.266a
Yung-Kang 7/12 50% 6.8a 7.8a 2.5a 2.9a 11.8a 159a 0.241a 0.276a
wild tea CK 6.8a 7.6a 2.3a 2.7a 11.1a 143a 0.242a 0.278a
2005 70% 8.8a 10.0a 3.2a 3.5a 19.4a 243a 0.239a 0.275a
7/27 50% 8.1a 9.0a 3.0ab 3.3a 16.8a 20.8a 0.255a 0.297a
CK 7.0b 7.6b 2.5b 2.8b 12.6b 153b  0.256a 0.289a
2006  70% 6.2a 8.1a 2.1a 2.9a 9.0a 16.6a 0.171a 0.190b
7/18 50% 6.4a 8.5a 2.2a 3.0a 9.8a 17.6a 0.177a 0.207ab
CK 6.5a 7.9a 2.2a 2.8a 9.9a 153a 0.185a 0.225a
2007  70% 5.8a 6.7a 1.9a 2.2a 7.6a 103a  0.194a 0.229a
8/2 50% 6.1a 6.6a 2.0a 2.3a 8.7a 10.7a  0.198a 0.221a
CK 4.0b 4.6b 1.3b 1.6b 3.8b 5.3b  0.163b 0.189%a
2009  70% 6.9ab 9.4a 2.1a 3.2a 10.4a 21.5a 0.178a 0.225a
7/31 50% 7.4a 9.5a 2.4a 3.2a 12.5a 21.8a 0.193a 0.243a
A CK 6.6b 8.2b 2.2a 2.8a 10.5a 16.3b  0.197a 0.247a
2009  70% 5.9a 7.5ab 2.2a 3.0a 9.2a 159a 0.176b 0.215b
7/31 50% 6.2a 8.0a 2.3a 3.0a 10.2a 17.1a 0.185ab 0.222ab
B CK 5.9a 7.1b 2.3a 2.7a 9.5a 1332 0.197a 0.235a
KEEFE 2004  70% 6.1a 7.7a 2.1a 2.9a 9.2a 159a 0.273b 0.31la
Dah-Yeh 7/12 50% 6.4a 7.9a 2.2a 3.2a 10.0a 179a 0.286a 0.337a
Oolong CK 6.5a 7.6a 2.2a 3.0a 10.0a 16.0a  0.286ab 0.347a
2005 70% 8.1a 8.6a 3.1a 3.3a 17.9a 20.1a  0.290a 0.368a
7/27 50% 7.5a 8.1a 2.8a 3.2a 14.6a 183a  0.324a 0.383a
CK 7.3a 7.9a 2.8a 3.2a 14.4a 1732 0.317a  0.376a
2006  70% 6.1a 7.9a 2.2a 3.0a 9.3a 169a 0.227a 0.260b
7/18 50% 6.1a 7.8a 2.2a 3.0a 9.4a 16.4a 0.257a 0.280a
CK 6.2a 7.3a 2.2a 2.8a 9.4a 143a 0.239a 0.285a
2007  70% 6.4a 7.6a 2.3a 2.9a 10.5a 15.5a 0.289b 0.352a
8/2 50% 6.8a 7.7a 2.6a 2.9a 12.4a 15.8a 0.307ab 0.359a
CK 5.1b 5.5b 1.9b 2.2b 6.8b 8.4b 0.325a 0.369a
HVERE 2004  70% 5.1a 6.2a 1.8a 2.2b 6.3a 9.4b 0.267a 0.312a
Chin-Shin 7/12 50% 5.5a 6.4a 1.9a 2.4a 7.4a 10.6a 0.277a 0.334a
Oolong CK 5.0a 6.1a 1.7a 2.3a 5.9a 10.0ab 0.264a 0.329a
2005 70% 6.7a 7.4a 2.4a 2.8a 11.0a 143a 0.293a 0.349a
7/27 50% 6.4b 7.1ab 2.3a 2.8a 10.4ab 13.7a 0.291a 0.351a
CK 6.1c 6.6b 2.2a 2.5a 9.3b 11.5a 0.296a 0.354a
2006  70% 4.1a 5.4a 1.5a 2.0a 4.3a 7.7a  0.227b 0.260a
7/18 50% 4.0a 5.3a 1.6a 2.0a 4.4a 7.5a 0.227b 0.260a
CK 4.3a 5.1a 1.6a 2.1a 4.8a 74a 0.240a 0.275a
2007  70% 4.8a 5.4a 1.7a 2.0a 5.6a 7.7a 0.275a 0.347a
8/2 50% 4.6a 5.1a 1.6a 1.8ab 5.0a 6.5ab 0.265a 0.332a
CK 3.9b 4.6b 1.3b 1.6b 3.7b 5.1b  0.249a 0.301b
EX5+2585F 2004 70% 6.0a 7.0a 2.4a 3.1a 10.2a 152a 0.259a 0.296a
TTES 7/12 50% 5.7a 6.9ab 2.2b 2.9a 89ab 14.2ab 0.261a 0.294a
No. 12 CK 5.4a 6.3b 2.3b 2.8b 8.5b 12.1b  0.260a 0.297a
2005 70% 6.0a 7.4a 2.6a 3.5a 11.3a 182a  0.263a 0.309a
7/27 50% 6.5a 7.3a 2.9a 3.3a 13.4a 17.1ab 0.265a 0.317a
CK 5.9a 6.4b 2.6a 3.0a 10.5a 13.6b  0.267a  0.300a
2006  70% 43a 5.5a 1.8a 2.7a 5.5a 11.2a  0.213b 0.243b
7/18 50% 4.7a 6.7a 2.0a 2.9a 6.7a 12.2a  0.223ab 0.247b
CK 4.5a 6.3a 2.0a 2.7a 6.3a 109a 0.230a 0.265a
2007 70% 5.6a 5.9a 2.5a 2.7a 9.9a 11.3a  0.274a 0.305a
8/2 50% 5.1b 5.5a 2.2b 2.5a 7.9b 9.8a 0.268a 0.296a
CK 4.3¢ 4.4b 1.9¢ 2.0b 5.6¢ 6.1b  0.274a 0.30la

RPETAMERFE A RRARRE 5h B -

Values followed by the same letters are not significant difference at a=0.05.
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Table 8 Effect of shading on the leaf agronomic characteristics of tea tree in autumn tea season

TRy R ratiiil R S TEAIE =
Leaf length Leaf width Leaf area Leaf thickness
Cultivar Year Treatment - = - = - = - =
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
---CM--- ---CM--- ---Cm?2--- ---mm---
KEELEE 2004 70% 6.0a 6.9a 2.0a 2.6a 8.5a 129a 0.218a 0.253a
Yung-Kang 9/3 50% 6.0a 7.2a 2.1a 2.6a 8.8a 12.5a 0.224a 0.258a
wild tea CK 5.3a 6.2a 1.8a 2.3a 6.8a 9.9a 0.226a 0.264a
2005 70% 8.1ab 9.8ab 2.8a 3.6a 15.8ab 248a 0.210a 0.247a
9/18 50% 8.3a 10.3a 2.8a 3.6a 16.3a 25.8a 0.227a 0.253a
CK 7.1b 9.0b 2.6a 3.2b 12.9b 20.5b  0.220a 0.245a
2006 70% 6.4a 7.7a 2.2a 2.9a 10.1a 154a 0.203a 0.235a
9/8 50% 6.5a 7.5a 2.2a 2.8a 10.2a 147a  0.204a 0.229a
CK 5.3b 6.6a 1.9a 2.5a 7.2b 11.3a  0.200a 0.232a
2007 70% 7.3a 9.5a 2.2a 3.1a 11.3a 20.2a  0.161a 0.193a
9/3 50% 7.0ab 9.1a 2.2a 3.0a 10.7ab  19.0a  0.167a 0.199a
CK 6.2b 8.1a 2.0a 2.8a 8.7b 158a 0.158a 0.200a
2009 70% 7.9a 9.4a 2.6a 3.3a 14.6a 22.1a 021la 0.245a
9/22 50% 7.2ab 9.0a 2.3a 3.1a 11.8ab 19.5a  0.209a 0.250a
A CK 6.6b 7.4b 2.1a 2.6b 9.7b 13.5b  0.221a 0.258a
2009 70% 6.3a 7.4a 2.5a 3.0a 11.3a 158a 0.187a 0.221a
9/22 50% 6.1a 7.2ab 2.5a 3.1a 10.7a 154a 0.181a 0.220a
B CK 5.8a 6.3b 2.2b 2.6b 9.0a 11.5b  0.193a 0.232a
KEEFE 2004 70% 5.6a 6.8a 2.0a 2.7a 7.8a 12.7a  0.263a 0.302a
Dah-Yeh 9/3 50% 5.5a 6.5a 2.0a 2.6a 7.6a 11.7a  0.277a 0.330a
Oolong CK 5.5a 6.2a 2.0a 2.5a 7.5a 10.7a  0.275a  0.322a
2005 70% 7.2a 9.1a 2.7a 3.6a 13.6a 229a  0.260a 0.300b
9/18 50% 7.1a 9.0a 2.6a 3.3a 12.8a 21.0a 0.277a 0.313a
CK 6.5b 7.8b 2.3b 3.1a 10.3b 17.1a 0.265a 0.315a
2006 70% 5.8a 7.3a 2.2a 2.8a 9.0a 143a 0.265a 0.305a
9/8 50% 5.5a 6.9a 2.0a 2.7a 7.7a 1332 0.259a 0.319a
CK 5.6a 6.7a 2.0a 2.5a 7.9a 11.5a 0.263a 0.313a
HLEFE 2004 70% 4.3a 5.1a 1.5a 1.9a 4.5a 6.6a 0.255b 0.304b
Chin-Shin ~ 9/3 50% 4.4a 5.3a 1.6a 2.0a 4.8a 73a  0.269a 0.329a
Oolong CK 4.2a 5.1a 1.5a 1.9a 4.3a 6.9a 0.259ab 0.319ab
2005 70% 5.9a 7.4a 2.2a 2.8a 9.2a 14.6a 0.253a 0.287a
9/18 50% 5.6ab 7.2a 2.0a 2.7ab 8.1a 13.6a 0.247a 0.287a
CK 5.1b 6.2b 1.9a 2.3b 6.9a 10.2b  0.250a 0.300a
2006 70% 4.8a 5.8a 1.6a 2.2a 5.5a 9.1a 0.245a 0.293a
9/8 50% 4.6a 5.8a 1.6a 2.1ab 5.0a 8.7ab 0.251a 0.298a
CK 4.0a 5.0b 1.4a 1.8b 4.0a 6.4b 0.237a 0.283a
E5+ 5% 2004 70% 4.7a 5.6a 2.1a 2.7a 6.9a 10.6a  0.252a 0.285a
TTES 9/3 50% 4.9a 5.8a 2.1a 2.7a 7.1a 109a 0.256a 0.298a
No. 12 CK 4.7a 5.3a 2.1a 2.5a 6.8a 94a 0.255a 0.281a
2005 70% 6.4a 7.9a 2.8a 3.5a 12.5a 19.6a 0.227a 0.263a
9/18 50% 5.8b 7.4a 2.5b 34a 10.2b 17.5a 0.230a 0.253a
CK 5.3b 6.8a 2.4b 3.1a 9.0b 14.6a 0.235a 0.260a
2006 70% 43a 5.8a 2.0a 2.7a 6.2a 11.0a  0.226a 0.260b
9/8 50% 4.4a 6.0a 1.9a 2.7a 6.0a 11.2a 0.226a 0.261b
CK 4.3a 5.3a 1.8a 2.6a 5.3a 9.6a 0.235a 0.280a

RPETAMRTSCF AR R E TR E Sh B3 -
Values followed by the same letters are not significant difference at a=0.05.
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Table 9 Effect of shading on the leaf agronomic characteristics of tea tree in White Dew

#

% 38 Hf (2019)

HrAE R A= ER Y TEETE T

Leaf length Leaf width Leaf area Leaf thickness

Cultivar Year Treatment - = - = - = — =

2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd

---cm--- ---cm--- ---cm>?--- ---mm---

KEELEE 2004 70% 6.2a 7.4a 2.2a 2.9a 9.6a 14.8a  0.193a 0.228a
Yung-Kang 10/21 50% 5.6b 7.0a 2.1a 2.9a 8.1a 143a  0.192a 0.226a
wild tea CK 59ab  6.7a 2.2a 2.9a 9.1a  13.6a  0.192a 0.224a
2006 70% 6.2a 7.6a 2.2ab 2.8a 9.7ab 15.1a 0.193a 0.225a
10/31 50% 6.6a 7.9a 2.3a 3.0a 10.8a 16.3a  0.196a 0.230a
CK 6.1a 7.3a 2.1b 2.7a 8.7b 13.5a 0.200a 0.226a
2007 70% 5.8a 7.4a 1.9b 2.6a 7.8a 13.6a  0.161b 0.197b
10/26 50% 5.9a 7.5a 2.0ab 2.6a 8.2a 13.7a  0.169ab 0.207ab
CK 6.1a 7.2a 2.1a 2.8a 9.1a 142a 0.182a 0.231a
KEEFE 2004 70% 5.1a 6.2a 2.1a 2.6a 7.5a 11.4a 0.241b 0.276b
Dah-Ych 10/21 50% 5.6a 6.9a 2.1a 2.9a 84a 1372 0.259a 0.296a
Oolong CK 5.5a 6.6a 2.2a 2.7a 8.4a 12.2a 0.248ab 0.291ab
2006 70% 4.7b 5.1b 1.9a 2.2b 6.2a 8.1b  0.248b 0.294b
10/31 50% 5.5ab  6.4a 2.1a 2.7a 7.9a 12.4a 0.254ab 0.309ab
CK 5.9a 6.2ab 2.3a 2.6ab 9.4a 11.3ab  0.266a 0.323a
2009 70% 5.6a 6.6a 2.0a 2.7a 7.8a 12.4a 0.238a 0.279a
10/1 50% 5.6a 6.7a 2.0a 2.6a 8.1a 12.2a  0.231a 0.277a
CK 5.9a 6.7a 2.2a 2.9a 9.3a 13.6a  0.243a  0.303a
HOEHRE 2004 70% 4.4a 5.2a 1.5a 2.0a 4.5a 72a 0.224a 0.26la
Chin-Shin  10/21 50% 4.1a 5.3a 1.4a 2.0a 4.0a 74a 02332 0257a
Oolong CK 4.2a S5.1a 1.5a 2.0a 4.5a 7.1a  0.245a 0.287a
2006 70% 4.7a 5.3a 1.7a 2.1a 5.5a 7.6ab 0.237a 0.285a
10/31 50% 4.5a 5.2ab 1.6a 2.0ab S5.1a 7.8a 0.243a 0.287a
CK 4.2a 4.6b 1.6a 1.9b 4.7a 59b  0.235a 0.280a
2009 70% 4.9a 5.8a 1.7a 2.2a 6.1a 9.0a 0.230a 0.276a
10/1 50% 4.7a 5.9a 1.6a 2.1a 5.5a 89a 0.234a 0.283a
CK 4.7a 5.4a 1.7a 2.1a 5.7a 8.3a 0.237a 0.285a
E55F 58 2004 70% 4.7a 5.8a 2.0a 2.7a 6.6a 10.8a  0.215a 0.246b
TTES 10/21 50% 4.6a 5.8a 2.0a 2.7a 6.4a 11.0a  0.224a 0.255a
No. 12 CK 4.4a 5.3a 2.0a 2.6a 6.3a 9.5a 0.222a 0.254a
2006 70% 5.0a 5.9a 2.2a 2.7a 7.6a 11.5a 0.233a 0.271a
10/31 50% 4.9a 5.5a 2.2a 2.5a 7.6a 9.7a 0.233a 0.271a
CK 4.8a 6.1a 2.1a 2.8a 7.1a 11.9a 0.236a 0.283a
2007 70% 4.5a 5.8a 2.0a 2.6a 6.5a 10.6a  0.186a 0.219b
10/26 50% 4.4a 5.4a 1.9a 2.6a 6.0a 9.8a 0.189a 0.223b
CK 4.1a 5.2a 1.8a 2.5a 5.2a 9.2a 0.203a 0.241a
2009 70% 4.7a 6.0a 2.0a 2.7a 6.7a 11.7a  0.198ab 0.229b
10/1 50% 4.5a 6.1a 2.0a 2.7a 6.5a 11.6a  0.196b 0.231b
CK 4.9a 5.5a 2.2a 2.8a 7.8a 109a 0.218a 0.263a

RPETAMERFE A RRARARE 5h B -

Values followed by the same letters are not significant difference at 0=0.05.
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Table 10 Effect of shading on the shoot yield of tea tree in summer tea season

A FE JERFH HAZF [EER: EKE EE
Shoot 100-shoot Shoot Shoot
Cultivar Year Treatment density weight water content yield
no. g % g/plant
KEELIEE 2004 70% 50.1a 104.5a 73.8a 38.7a
Yung-Kang  5/18 50% 45.3a 107.0a 73.4a 38.2a
wild tea CK 44.3a 104.4a 73.3a 27.6a
2005 70% 48.4a 105.5a 75.4a 42.4a
5/9 50% 47.2a 114.8a 75.9a 31.2a
CK 50.0a 95.6a 75.4a 25.8a
2006 70% 60.7a 85.9a 80.7a 80.6a
5/26 50% 66.9a 83.8a 80.8a 70.2a
CK 59.0a 95.1a 80.2a 65.4a
2008 70% 60.3a 94.6a 77.9a 97.4a
5/15 50% 60.6a 90.7a 77.3a 101.7a
CK 58.2a 87.2a 77.0a 87.0a
KREEESHE 2004 70% 26.8a 153.1a 74.1a 36.2a
Dah-Yeh 5/18 50% 33.2a 159.0a 73.2a 24.4a
Oolong CK 31.7a 152.7a 73.4a 24.3a
2005 70% 23.1b 140.9a 74.5a 12.2a
5/9 50% 31.3ab 131.9a 75.0a 26.6a
CK 35.5a 155.4a 73.7a 30.3a
2006 70% 24.4b 138.0a 78.9a 22.8b
5/26 50% 36.9a 143.1a 78.7a 48.7a
CK 37.7a 159.3a 78.8a 49.1a
2008 70% 37.1a 106.7a 78.1a 31.3a
5/15 50% 44.0a 124.8a 77.3a 41.0a
CK 36.1a 99.5a 76.9a 38.1a
SR 2004 70% 45.8a 98.2a 74.8a 33.4a
Chin-Shin 5/18 50% 47.7a 95.5a 73.9a 40.6a
Oolong CK 51.3a 93.8a 73.0a 53.7a
2005 70% 41.4a 93.4a 75.5a 31.1b
5/9 50% 42.9a 98.3a 73.0b 33.2ab
CK 43.7a 103.7a 72.7b 43.7a
2006 70% 43.0a 105.7a 79.8a 55.0a
5/26 50% 46.0a 102.3a 79.7a 68.5a
CK 57.2a 82.8b 79.3a 52.4a
2008 70% 60.3a 69.4a 75.9a 43.6a
5/15 50% 60.6a 77.1a 76.4a 38.8a
CK 58.2a 75.1a 74.2a 53.7a
255+ "9%F 2004 70% 45.3a 162.2a 74.8a 110.0a
TTES 5/18 50% 40.1a 154.7ab 74.2a 92.3a
No. 12 CK 47.2a 128.4b 73.8a 108.6a
2005 70% 44.8a 127.6ab 75.7a 100.3a
5/9 50% 37.3a 132.1a 75.5a 75.7a
CK 47.2a 119.9b 75.0a 108.6a
2006 70% 46.0ab 151.0a 81.5a 139.4a
5/26 50% 43.0b 144.3a 80.8ab 126.4a
CK 54.8a 136.1a 80.5b 174.5a
2008 70% 55.4a 94.1a 79.0a 110.6a
5/15 50% 59.4a 97.1a 77.9b 103.0a
CK 59.8a 88.8a 78.3ab 147.2a

RPETAMERFE A RRARARE 5h B -

Values followed by the same letters are not significant difference at a=0.05.
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Table 11 Effect of shading on the shoot yield of tea tree in June White

#

% 38 Hf (2019)

rr R [pasiitl HAZF HIFE EKE FEE
Shoot 100-shoot Shoot Shoot

Cultivar Year Treatment density weight water content yield
no. g % g/plant

AEELIZE 2004 70% 56.2a 90.7a 74.7a 26.4a
Yung-Kang  7/12 50% 49.2a 90.7a 76.2a 16.6a
wild tea CK 48.7a 89.0a 74.7a 22.8a

2005 70% — 162.0a 68.8a —

7/27 50% — 149.5a 69.4a —

CK — 109.8b 69.6a —
2006 70% 72.0a 79.3a 77.4a 76.8a
7/18 50% 74.2a 80.0a 77.1a 78.2a
CK 71.5a 86.0a 78.0a 65.4a
2009 70% 63.7a 90.0ab 72.6a 129.7a
8/4 50% 66.9a 95.3a 70.0ab 120.3a
CK 68.7a 71.4b 67.6b 81.3b
KEEFE 2004 70% 24.8a 110.7b 69.9a 23.5b
Dah-Yeh 7/12 50% 29.0a 138.7a 71.0a 43.5ab
Oolong CK 32.8a 126.0ab 69.1a 49.3a
2005 70% - 178.6a 69.4a 66.0ab
7127 50% - 168.4a 69.0a 84.0a
CK — 170.2a 68.1a 45.7b
2006 70% 35.4b 104.0b 76.8a 37.4¢
7/18 50% 53.1a 122.0a 77.2a 65.4a
CK 52.7a 106.0ab 76.5a 50.9b
HFLERE 2004 70% 37.6b 74.0b 70.8a 28.5a
Chin-Shin  7/12 50% 42.1b 86.7a 70.4a 29.1a
Oolong CK 59.5a 83.0ab 69.9a 31.7a
2005 70% - 120.3a 69.7a 41.5a
7127 50% - 119.8a 70.2a 473a
CK — 106.8b 70.1a 10.1b
2006 70% 58.0c 48.0b 76.8a 62.9a
7/18 50% 70.9b 50.0ab 77.6a 70.9a
CK 83.3a 56.0a 78.2a 54.3a
Z3+-8 2004 70% 43.9a 115.3a 71.4b 74.3a
TTES 7/12 50% 40.2a 107.7a 70.3¢ 77.8a
No. 12 CK 46.8a 100.0a 72.0a 57.9a
2005 70% — 126.8a 69.6a 186.0a
7/27 50% — 135.0a 70.0a 195.8a
CK — 115.3a 68.7a 181.2a
2006 70% 55.7a 65.3a 77.7a 121.4a
7/18 50% 60.7a 71.3a 78.0a 100.0a
CK 76.2a 76.0a 78.4a 135.2a

RPETAMERFE A RRARARE 5h B -

Values followed by the same letters are not significant difference at a=0.05.
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Table 12 Effect of shading on the shoot yield of tea tree in autumn tea season

91

A FRE R EH HASF R EER:! EKE R
Shoot 100-shoot Shoot Shoot
Cultivar Year Treatment density weight water content yield
no. g % g/plant
KEELIEE 2004 70% 57.9a 89.0a 72.4a 24.7a
Yung-Kang  9/7 50% 51.4a 93.3a 71.8a 21.2a
wild tea CK 48.3a 90.0a 71.6a 15.7a
2005 70% 49.9a 145.7a 79.2a 69.4a
9/14 50% 49.9a 150.7a 78.1b 64.1a
CK 49.8a 131.5a 78.5ab 48.7a
2006 70% 83.2a 82.7a 77.4a 77.9a
9/8 50% 87.1a 81.3a 77.1a 66.3a
CK 85.9a 63.0b 77.8a 67.3a
2007 70% — 100.2a 75.0a 74.8a
8/30 50% — 101.7a 75.8a 81.0a
CK — 78.3b 74.7a 60.6a
RESHE 2004 70% 32.1b 71.3a 74.9a 20.3a
Dah-Yeh 9/7 50% 36.8ab 76.3a 75.6a 32.9a
Oolong CK 42.0a 61.5a 76.6a 31.3a
2005 70% 27.7b 172.2a 78.6a 47.2b
9/14 50% 36.4a 181.9a 78.5a 72.0a
CK 35.2ab 170.8a 80.5a 62.0ab
2006 70% 38.1b 104.7a 75.1a 20.4a
9/8 50% 52.1a 110.7a 75.3a 45.4a
CK 54.3a 101.0a 75.1a 43.1a
2007 70% — 141.2a 72.8a —
8/30 50% — 168.6a 73.7a —
CK — 98.9b 73.4a —
HEHE 2004 70% 46.9b 48.3a 74.5a 14.3b
Chin-Shin ~ 9/7 50% 46.2b 54.7a 72.6b 20.0ab
Oolong CK 69.2a 54.0a 73.2b 28.1a
2005 70% 45.3b 116.2a 79.3a 85.4a
9/14 50% 46.6b 109.8a 79.2a 92.1a
CK 63.0a 92.8b 78.3a 79.6a
2006 70% 70.2a 72.0a 78.6a 40.7b
9/8 50% 72.6a 65.3ab 76.6a 47.5b
CK 91.3a 51.0b 76.5a 78.0a
2007 70% — 76.7a 73.4a —
8/30 50% — 68.5a 74.1a —
CK — 55.7b 74.2a —
ZX1 9% 2004 70% 55.2a 69.7ab 73.2a 54.1a
TTES 9/7 50% 53.6a 70.7a 72.1a 50.7a
No. 12 CK 60.7a 61.0b 72.1a 61.4a
2005 70% 46.6a 130.7a 78.1a 122.9a
9/14 50% 39.8a 120.8a 78.4a 108.3a
CK 49.2a 119.0a 78.6a 132.0a
2006 70% 69.7a 72.7a 78.0a 68.7b
9/8 50% 62.9a 71.3a 76.6a 46.0b
CK 76.2a 78.0a 78.2a 117.1a
2007 70% — 106.6a 71.6a 83.8a
8/30 50% — 93.9a 71.7a 86.0a
CK — 72.7b 73.9a 59.2b

RPETAMERFE A RRARARE 5h B -

Values followed by the same letters are not significant difference at a=0.05.
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Table 13 Effect of shading on the shoot yield of tea tree in White Dew

TR R [pasiitl HY P EERE aKeE EE
Shoot 100-shoot Shoot Shoot

Cultivar Year Treatment density weight water content yield
no. g % g/plant

KEERUZE 2004 70% 54.8b 85.3a 78.2a 32.2a
Yung-Kang 1071 50% 63.0ab 80.7a 77.8a 25.1a
wild tea CK 67.7a 77.0a 79.2a 26.3a
2006 70% 65.3a 84.7a 78.7a 72.8a

10/31 50% 68.9a 88.0a 78.0a 79.0a

CK 73.5a 76.0a 77.6a 84.0a

2007 70% 63.7a 74.5 75.8a 64.0a

10/26 50% 58.9a 70.8a 75.7a 61.4a

CK 75.2a 76.2a 73.2a 46.42

KEEEFE 2004 70% 30.3a 88.0a 75.1a 24.0a
Dah-Yeh 5 50% 38.1a 108.7a 74.8a 42.1a
Oolong CK 42.8a 101.0a 74.3a 40.9a
2006 70% 30.4b 67.3b 75.1a 25.9b

10/31 50% 44.7a 92.0a 79.5a 68.4a

CK 41.2ab 98.0a 76.5a 50.6ab

ELERE 2004 70% 59.6b 50.7a 75.2a 27.7a
Chin-Shin —10/7) 50% 61.8b 52.0a 73.1a 31.8a
Oolong CK 76.0a 59.0a 76.4a 37.0a
2006 70% 62.3a 56.0a 77.3a 46.2a

10/31 50% 61.1a 60.7a 77.0a 54.3a

CK 78.7a 52.0a 74.9a 60.4a

=L TEE 2004 70% 63.1a 74.7a 77.6a 76.2a
TTES 10/21 50% 48.7b 76.0a 75.5a 70.2a
No. 12 CK 74.0a 68.0a 76.5a 52.8a
2006 70% 54.8b 78.7a 77.2a 108.0b

10/31 50% 51.6b 73.3a 78.2a 91.5b

CK 68.8a 81.0a 77.8a 175.0a

2007 70% 46.8a 62.7a 75.52 69.7a

10/26 50% 43.0a 60.4a 76.0a 81.6a

CK 51.0a 61.7a 75.3a 93.2a

RPETAMRIF A RERORARRE 5 BE -

Values followed by the same letters are not significant difference at 0=0.05.
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Table 14 Effect of shading on the made tea quality of tea tree in summer tea season
P2 fﬁlﬁ JRFH Iz [EE0E2 K, R HEIR =
Liquor
Tea season  Year Treatment Shape Color color Aroma Taste Total
---%--- Score
KEELLZS 2004 70% 6.0a 5.7a 12.0b 19.0a 18.0a 60.7a
Yung-Kang 5/18 50% 5.8ab 6.0a 13.0a 19.5a 19.0a 63.3a
wild tea SR CK 5.5b 5.5b 12.5ab 20.3a 19.5a 63.3a
2004 70% 5.5a 6.0a 15.0a 22.5a 22.5a 71.5a
712 50% 5.5a 5.5b 15.0a 21.0b 21.0b 68.0b
a5 CK 5.0b 5.5b 15.0a 19.5¢ 21.0b 66.0c
2005 70% 6.9a 6.0b 10.7a 17.5b 17.3b 58.3b
5/9 50% 6.7a 6.7a 10.7a 16.5b 16.5b 57.1b
fE%E  CK 6.7a 6.6a 11.0a 19.8a 20.3a 64.3a
2008 70% 6.2a 6.1a 13.4a 20.5a 20.5a 66.6a
5/26 50% 6.4a 6.1a 13.4a 20.3a 20.2a 66.3a
bk CK 6.2a 5.9a 13.3a 20.8a 20.0a 66.1a
KREESHE 2004 70% 6.2a 6.2a 12.3a 19.0a 19.0a 62.7a
Dah-Yeh 5/18 50% 6.3a 6.3a 12.3a 20.0a 19.5a 64.5a
Oolong S CK 5.8a 5.8a 13.0a 19.5a 19.5a 63.5a
2004 70% 5.3b 5.5a 13.7a 21.5a 19.5a 65.5a
7/12 50% 5.7ab 6.0a 13.0a 21.5a 19.0a 65.2a
SRR CK 6.3a 6.3a 14.5a 19.5b 18.8a 65.3a
2005 70% 6.8¢c 6.7b 14.0a 20.5a 21.3a 69.3a
5/9 50% 7.0b 6.5¢ 13.4a 21.3a 21.8a 69.9a
% CK 7.5a 7.0a 13.2a 20.3a 20.3a 68.2a
2008 70% 6.4a 6.3a 13.9a 21.0a 20.3a 67.9a
5126 50% 6.5a 6.4a 13.8a 21.0a 20.3a 68.1a
Bk CK 6.3a 6.3a 13.9a 20.7b 20.5a 67.6a
HLERE 2004 70% 6.5a 6.5a 12.3a 20.0a 19.5b 64.8a
Chin-Shin ~ 5/18 50% 6.7a 6.5a 12.0a 19.5a 19.5b 64.2a
Oolong LRSS CK 6.5a 6.3a 12.5a 19.5a 21.0a 65.8a
2004 70% 5.8b 5.7b 13.7a 20.5a 19.5b 65.2a
7/12 50% 5.7b 6.0b 14.0a 19.0ab 21.0a 65.7a
S CK 6.5a 6.5a 13.5a 18.0b 21.0a 65.5a
2005 70% 7.1a 6.9a 13.7a 20.3a 21.0a 68.8a
5/9 50% 7.5a 7.3a 12.5a 20.8a 19.3b 67.3a
ffE%E  CK 7.1a 6.8a 12.7a 20.5a 19.8b 66.8a
2008 70% 6.5a 6.5a 13.8ab 20.8a 21.2a 68.8a
5/26 50% 6.4a 6.3a 14.0a 21.2a 21.3a 69.2a
ik CK 6.5a 6.5a 13.5b 20.8a 20.8a 68.0a
Z5+ 58 2004 70% 6.3a 6.7a 13.0a 19.0b 19.0a 65.5a
TTES 5/18 50% 6.5a 6.7a 13.3a 19.5b 19.5a 68.0a
No. 12 R CK 6.5a 6.8a 13.0a 21.0a 21.0a 68.3a
2004 70% 6.8a 6.2a 14.7a 21.5a 20.0ab 69.2a
7/12 50% 6.3a 5.8a 14.0a 20.0a 19.5b 65.7a
SRR CK 6.3a 6.3a 13.5a 21.8a 21.0a 68.8a
2005 70% 7.5b 7.0b 14.3a 20.5a 21.0a 70.3a
5/9 50% 7.4ab 7.4a 13.5a 20.5a 20.7a 69.5a
HfEE CK 7.9a 7.5a 13.3a 20.3a 19.5b 68.4a
2008 70% 6.5a 6.4a 13.9a 20.7a 20.3a 67.8a
5126 50% 6.4a 6.2a 13.7b 20.7a 20.0a 67.0a
LRk CK 6.6a 6.4a 13.3¢ 20.7a 20.3a 67.3a

P ETAMRF ST RETOR A RARE 5h B -

Values followed by the same letters are not significant difference at 0=0.05.
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Table 15 Effect of shading on the made tea quality of tea tree in autumn tea season

RE FE FL fIZIN s Kee R Ik ant
Liquor

Tea season  Year Treatment Shape Color color Aroma Taste Total
7 Score

KEELLZES 2004 70% 6.0a 6.0b 14.5a 22.5a 22.5a 71.5a
Yung-Kang 9/9 50% 6.0a 6.5a 13.0b 21.0b 21.0b 67.5b
wild tea NS CK 6.0a 5.5¢ 14.0ab 19.5¢ 19.5¢ 64.5¢
2004 70% 5.7b 6.0a 15.3a 21.0a 22.0a 70.0a

10/21 50% 6.2ab 6.2a 16.0a 22.5a 21.5a 72.3a

Sy CK 6.5a 6.0a 16.0a 20.3a 20.3a 69.0a

2005 70% 5.5a 5.5a 12.2a 15.8a 15.8a 54.7a

9/14 50% 5.0b 5.0b 11.5a 16.5a 16.5a 54.5a

(ERERAS CK 5.0b 5.0b 12.5a 16.5a 16.5a 55.5a

2005 70% 6.0b 6.0a 14.0a 17.0a 17.0a 60.0a

9/14 50% 6.0b 5.7b 14.2a 17.0a 16.5b 59.4b

Bk CK 6.2a 5.5¢ 13.0b 17.0a 17.0a 58.7¢c

KRESH 2004 70% 6.0a 3.3b 12.0c 21.0a 18.0b 60.3b
Dah-Yeh 9/9 50% 6.0a 6.3a 13.5b 19.5b 19.5a 64.8a
Oolong L CK 6.0a 4.0b 15.0a 19.5b 16.5¢ 61.0b
2004 70% 5.5a 6.0a 13.7a 24.0a 25.0a 74.2a

10/21 50% 6.2a 6.7a 14.0a 23.5a 22.5a 72.8a

&R CK 6.3a 6.3a 15.0a 23.3a 23.3a 74.0a

2005 70% 6.0a 6.5a 12.3a 18.0a 18.0b 60.8a

9/14 50% 6.0a 6.5a 12.5a 18.0a 18.0b 61.0a

ERERS CK 6.0a 6.0b 12.5a 18.0a 18.5a 61.0a

HLGHE 2004 70% 6.0a 5.3b 13.0b 22.5a 24.0a 70.8a
Chin-Shin ~ 9/9 50% 6.0a 6.0a 13.0b 19.5b 22.5b 67.0b
Oolong ik CK 6.0a 6.5a 14.0a 19.5b 21.0c 67.0b
2004 70% 6.5a 6.5a 14.7a 21.5a 19.0a 68.2b

10/21 50% 6.7a 6.5a 14.3a 22.0a 20.0a 69.5a

oA CK 7.3a 7.3a 13.5a 21.0a 20.3a 69.3ab

2005 70% 7.2a 7.2a 12.2a 21.0a 20.0b 67.6b

9/14 50% 7.2a 7.2a 12.3a 21.0a 21.0a 68.7a

(ERERAS CK 6.0b 7.0b 12.0a 21.0a 19.5¢ 65.5¢

2005 70% 7.0b 7.2a 14.0a 21.5b 21.5a 71.2b

9/14 50% 7.2a 7.2a 14.9a 22.5a 21.5a 73.3a

Bk CK 6.0c 6.5b 15.0a 21.5b 21.0b 70.0c

ZX+ 58 2004 70% 6.0a 5.5a 13.5a 21.8a 22.5a 69.3a
TTES 9/9 50% 6.0a 5.8a 14.5a 18.8a 21.0b 66.0a
No. 12 Bk CK 6.0a 6.0a 14.0a 20.3a 19.5¢ 65.8a
2004 70% 6.0a 6.5a 15.0a 22.0a 20.5a 70.0a

10/21 50% 7.0a 6.8a 14.3a 22.0a 21.0a 71.2a

&R CK 6.0a 6.5a 15.5a 21.8a 21.8a 71.5a

2005 70% 6.5¢ 6.7c 13.7a 19.8b 19.5b 66.2a

9/14 50% 7.7a 7.0a 11.7b 21.0a 20.8a 68.1a

ERERS CK 7.0b 6.8b 11.4b 20.5a 20.0b 65.7a

2005 70% 7.5a 7.0a 14.3b 21.5a 21.5a 71.8a

9/14 50% 7.5a 7.0a 15.0a 20.3b 21.5a 71.3ab

B CK 7.5a 7.0a 13.7¢ 21.0a 21.5a 70.7b

P ETAMRFS T RETORAZRARE 5h B -

Values followed by the same letters are not significant difference at 0=0.05.
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RATEE » BARNZMANBHEELR » BERE S Rt 2S5 Z 8RB AR S0 %L L -
B HAEARSS - HEIRIGH A2 i - Ao B2 REdnr S » DB R e E 2 IRk
WYY BRI EREZNL - RRIRRE » R R S R R i 2 ST - AERZ
FHLEREABAE S MEFT AR (F5 > 2015) - HNSIRAREE B IERRFER
HIRGLRTIGNN SR TR 5 M 2 5 e BB SR B A infE (AR IR R AN
BB H LSRR IS HXE L SRS R E R A S XA HE et LA SeiEs -
SRS 7 R R AR AR E L T B SRR BiEA R SR KEE N 2 S -
R > FEERERI AR - I RBRTG 2 FH LS RER R AR IR AR R B
EEH L SREURE IR K PURERE 28] (F2K5% 0 1973) - FIAPLR MR mid G R
PR EAVRE AR GRS b fERZRHVRMEIRE T - BRI EE SN ARG A RIE AR
HZ e - PR RS E » TN EA R AR SIE (520 1984 5 2% 1987 ; RS »
1999 ; Pallemulla et al., 1992 ; Nagarajah and Solomon, 1981 ; Tuwei et al., 2008 ) - ZZf15% (1973)
5 O S RE B A I BRI S Al 2 SR T A MR IH AR B 58 - MR A RAEHE » A2 TEUN EIVE B
HIRE N o A P I B R UE - B BAFRIEOR s (B85 - 1999 © BREE > 2000) - H#f 6
It 2 0 MR —20 B3R WU T EL R A £ R A - PLERAE 198 » BERA M REE
PEZHY 2R, (B& R » 2000) -

IR AL R ZS MBS i A T S S 2R BN R Rl 2 (B8 {EFTRE

TEbE R Z R g SR RIS RS miRIbIt AR R - 28 Z50% -
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BRI 55 A s - MEAGREEHE  FHERFESF » GRS - A8 (Fik
BB > 2007a © # ke - 2004) - FEFRTTRGES A S - HEEN AV EBHVRE AR - ASERAER
Samihi ARG - BHEMEAN S o BEAE (Cutting-graft) 2B SARAIBEA TR > JUNES
SR Z R > SR PP R R T (ES R AV & BRSNS AR RIS A2 T
TP T (BRAZE > 1992) - Wi RETA > WRAEREIRAE - SR RS A R E 8 7 HE
2ot REBRERM BRET R R E AN - R ES SRR R e DAEER
V> BIEERETTE ~ BRUREGEVE ~ BERERA S~ RSN ROE R Z R DU A R Z
BRET (BRBeZE > 19925 BRKZS » 1993) © WAIHA RSB REA - DIE QSRR - &BTE
—HEREME R - HNMERARIREER - SR E R PURTEETRE (FORES - 2007a 5 2
BB > 20070 5 TRk 2009) - $CEE B R E AR E M A R AR EE - (AIE > AR HEY
FER TR RET R E A ARG - R A E B LR DUGHE R A K T3 AR 2
FEL > BHEEFHERE T O SRR RIS S 2 M - AEAE IR % il 2 (8 BRI - 50R
HEEEMZ 25 RE -

PRI TT A
— Rt

AR S e = R R E R AT RE A RS R R s (L& 22°54'37" ~ BREL 121°07'25") #5
PEREEEBREETT - TR 175 AR » ZREHEE R 2002 45 11 A 13 H -

=ik
(—) sl : (A) BRGE (BHEFLEE  BRERT-250) - (B) HL&HE - (C) 25X
I

(=) SBaat R RS 2B ERRET (RCBD) > = - WUEE > ={T1& @ &7+ It -
(=) #H&EHA -
STHIY 2003 £ 2009 FEAEAR ERFEIT R PR ECREOE R  AERMIR » ZFEEMIR - BESF R
HFE -~ EEMECRETRE - DURAE 2014 SRR T 12 6 —BocRi L [EERER - (25
BRSNS O SRREHMAERBHP KN 28 EE IR S 11 B A RIS R

It SHEFBIECER » NEFRFEMIR > THERESREER ORI ER T IR
Zb - WH BRI ARG K ERE TR Z FHE - 15 2003 2 2009 557 2014 FEFHEICHFRS
THZA IR - For 2003 K2 2014 FoRFHETER 8 o R > 2003 4 A REREEHERT K -

BT AR SREREFEE » 2006 SRR K 2009 FERERE » Ry (Al — R & 0y B R R > B0

L REPRR K ERE
FeEtBR I A R BRI TR 2 A -
2. HEARMIR SRS R > BERREEL 3 Rt R IE
(1) fife - EMME B R = EAL -
(2) B © BRI R R - BRI A R 2 ok R AR -
3. SFEEMEIR ¢ OREFREER EEEIR - FEEEE 10 (E5FE
(1) 8 HERFZERE-
(2) & ME2FRE - i EEAR 2R &K -
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(5) EifflE - F—HEMEBL _ERFIE_EREF BRI RE -
(6) Hf - IBF L —HERERIRE -

(7) ¥Ew MBS E - =BT -

(8) FEmM « R x H¥H <07

(9) HE : DUEREETHETER P EIRRISEE -

4. BICFRUE - HHE C ER
(1) BEZFHE © BL 30 om x 30 em B [EAE - ESTERIE T O 8 EREN 3 mat RS (E -

(2) HEFE & 100 (SRR M E i E > WaATHEKE -
(3) EE : FEEMATNEREANERE  BELERESR -
5. BUORAWE
BRERBYE Fnat © RERRREP BT - WHETRUE ahal > FRECREE 3 A% Wit
150 ZF+23bKef S oriE > SafEE 3 BIEIR (10%) ~ tE (10%) ~ 7Kt (20%) ~ ZE0R (30%)
FAER (30%) (Bt > 1995) « Aedlpinal/ N 5 T BA SR EFER Rinat LIEZ R A
BT -
= BRI
EISHTERIFIA SAS &t » e TE G oM > IR EE SO0RTE AR BT - FLIRy NI
EEEENERE (LSD) S pa iz 2% -

SR

— ~ RSB RER AR NMREEERE

—EAEBRSIERBUEREEE 100% - FLSRENER T HRHCEREIRE S 99% - “F4E
R SRERUEHREE 90% » B LSRR ER T IRBUERT AR 80% K 92% » HIFSHEH
BOSREEFFEENER T AR SRENLRE 83%  BESNH LRE 4% 25X 12
BRI 89%HIBOER (FR— ) OGRS RETNEIRISHE 7 ILGE S O SRS MRS IR -

—RAERRE R LR S REGE - DREBUR R RAN BRSNS LR B
NERT I RFER S EUMMAZER > + O EEERSRENEFAERE 20.5% (R—) - 5
BB (2007a) FEHE L SHEGEHTHIE EEB =4« PIESR T 9 RH LRTT REEARA RS R E
SRS BFESREEHEROEE > 200/ - R TR E S EL - MESFG
SRRy SOy AR QA EZ IR BRI R S  BIFR RN 2 - (5
PR A Rt > DUIIAIR B2 BUEEE AR E SR IRRDE IR e ~ B REEAIRM AR B (58
K> 2000) o [NtE - BERHVEESER EHE - NMEFEAERESRHLNE - 1 HAEEEE D 8 A5
FEAEATE A ELIE - A A G R E B ROk B R AR > T 2t R aE -

N R L SRERIBSESY > ARSI - JCH G REGRE - S ERhNe s - 28R RE
B R EESE - BTG ERIA RIS M TR SR S IR - £F 2003 SFEALASRE BRI >
SRS BIH R R EE 12.5 nv/s - FEEFIENI RS EE 587 mm - WEHEREIZERBE - —F4
BHESHERIEREN B OSHE > T HE S5k T 2 0E BARE  vJREER SRR Z 25851 25t
TR EER - IREEE A - IS M SRR - 2007 SEREE R R ERARETZERE
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FEHHEFENEAR 4 mm - FERGHE 3 H (8% > 2015) - AEEGAREIEREGRENE LS
ZEREGEN 3% > 2T I59ARZE - aTRERAIARHTRE - SRRIEEER] - i3 - Nte
AR E - 2 2014 FEnalf i TiHE > A HI9RERER 337 C - HEREREE 369 C
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B RSRECEERIAETERAEF ZEH T E SO NIRRT RER 25T
M - Fr AT i SRR RR S A N B SR A SSm Ry B B BURh R - B iR A TR
af o £5 (1987) KBESE (1999) fEHIABHE RIS MIEENCE - ASUBRE TR AR A MR
AUEESR > IREMEN BT A BUE A FERIRGA - BERER+ A RSB EE  (ERZEENE
2 P E SRS AR S AR E RS P BV - By ey (5 20 5 e 5
R HARE - e~ AR - EOR - SRR AR - MR SRS - HREHELE
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ERESCHEA (2155 > 2016) © [ AT R PR B RO - DU R BLER IR AU ~ 3
RIPREEME ~ Q- BEDUZRREBH A HETRFEEZIEE (P > 2018) « HAAZEA RITE
T~ TeiBAdH ~ ARARE ~ TR SRR - EEDOE - TEERE - TR - AEREE R
EAUEEL > HyrRrEss (B0 > 2015) - R (2015) FRHIRRHTFMEEE v R 4] ~ R i
MR B AR e A TR - RN - dIRRORE - EREE - MHRAESRERE ~ TR BV -
EOER - FEARE - EEEH & MR Z 15T B T RBEER AR SE(Z)
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=~ FEPRMEIR
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PR - UEIP AT ST E RV (R - B ERE R IR REBA
59 > [RGB EHARAINEI 199 - BER AR BtV E TR AE VIR - RIHIA ~ L RB
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Study on the Growth and Quality of Cutting-Graft
Tea Tree

Hun-Yuan Cheng
Summary

The purpose of this experiment was to investigate the effects of cutting-graft tea tree plantation on
field growth, yield and quality changes, as well as investigate the injury of tea trees during natural
disasters, and improve the tolerance of Chin-Shin Oolong to climate adversity by cutting-graft techniques.
Continue to preserve the excellent characteristics of the cultivar as a reference for promotion and
application. The experimental treatments included (A) Cutting-graft Oolong (Scion: Chin-Shin Oolong,
Rootstock: TTES No.12), (B) Chin-Shin Oolong, and (C) TTES No.12. The results of the experiment
showed that the plant traits, shoot characteristics, yield and quality of the cutting-graft tea trees were
similar to those of the scion cultivar Chin-Shin Oolong, and they were stable and persistent. The
cutting-graft technique could maintain the characteristics of the Chin-Shin Oolong cultivar and the quality
of the tea. Although the survival rate of cutting-graft tea trees was higher, the results of meteorological
disaster investigations show that in the low-altitude tea plantation of Taitung, the combination of
Chin-Shin Oolong and TTES No. 12 cutting-graft was still unable to overcome the high temperature and
drought climate adversity.

Key words: Tea tree, Cutting-graft, Growth, Quality

Former Associate Agronomist, Taitung Branch, Tea Research and Extension Station, Taitung, Taiwan
R.O.C.
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x> BESE  BORRERERTIHABHREROER - ARKARETHE
Table 1 Investigation on survival ratio, growth and meteorological disaster of cutting-graft Oolong,
Chin-Shin Oolong and TTES No.12 in the field

FHEHI FHEHH R RS HE FHLMSHE N
Investigation ~ Investigation Growth Cutting-graft Chin-Shin TTES
Date items stage Oolong Oolong, No.12
2003/1/16 SR (%) —F4 100.0a 99.4a 99.2a
2004/9/22 AR 90.0a 80.3b 92.5a
2009/6/10 L 90.0a 80.3b 92.5a
2014/7/29 +—4FE 83.1a 73.9b 88.6a
2003/4/22 fif =1 (cm) —iEg 40.7a 37.8a 44.1a
231 B(no.) —iFE 4.6a 4.5a 5.0a
435 (cm) —F4 23.4b 24.4b 30.4a
2014/7/25 AEH(%) + A 20.5 0 0
2003/9/22 EERTER (%) 4.7b 11.4a 1.4b
2003/9/29 —iF A 9.7b 19.7a 6.7b
2003/10/6 —AEAE 9.7b 19.2a 6.9b
2007/7/18 BERR%) A4 <3 <3 0
2014/7/29 EVEREROE 5 46.3a 27.6b Oc

RPEITAMERISCF B TORERRE 5% 3% -
Values followed by the same letters are not significant difference at 0=0.05.

HAREI ~ RG> K 20%HTRREREER

R BRSE - B OREMER T OB IR
Table 2 Investigation on plant characteristic of cutting-graft Oolong, Chin-Shin Oolong and TTES No.12

R FRE s &L
Year Tea season Tree height Tree width
BEESHE FHOEHE ZXRT 5 BEEE FHOERE ZEX TS5
cm cm

2003(1) HEZX 45.6a 44 .3a 45.9a 46.2a 45.6a 47.4a
P48 40.7a 37.8a 44.1a — — —

2004(2) FkF1 76.3b 76.3b 92.8a 82.9b 77.3¢ 93.5a
S8 77.9b 76.5b 92.2a 76.2b 73.1b 89.4a

2005(3) HAS 57.6b 58.0b 74.5a 71.1b 68.0b 90.2a
B 67.0b 66.4b 85.6a 75.1b 76.0b 96.6a
X1 85.2b 84.5b 106.6a 92.8b 89.8b 107.1a
PRS2 81.1b 81.8b 105.7a 96.6b 96.9b 118.8a

2006(4) FHHL 61.8b 62.6b 81.5a 92.1b 91.8b 115.9a
B 70.4b 73.0b 94.8a 93.3b 91.8b 112.5a
S 78.2b 80.7b 100.1a 100.7b 103.3b 127.6a
S8 S 65.4b 66.9b 83.4a 99.5b 97.3b 119.8a

RPEITAMERESSI R TR A FRE S 813 -

Values followed by the same letters are not significant difference at a=0.05.

LR 22K —  RFE

O): FEIMNE T BB EME B4 R4S The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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K= BRESE - HOREMESRT ZIORFIHIEE
Table 3 Investigation on shoot characteristic of cutting-graft Oolong, Chin-Shin Oolong and TTES No.12

FE ORFE RE ERE R BRREYE JERTEOEES i &
Tea Treat- Leaf  Shoot  Plucking Internode diameter Internode length
Year  season ment number length length — _ — _
no. cm cm -—-mm--- ---cm---
2003(1) Fkx  C — — 8.7ab 1.96b 2.20b 0.98b 1.57ab
0] — — 8.4b 1.93b 2.19b 0.84b 1.42b
T — — 9.3a 2.08a 2.35a 1.17a 1.76a
20042) HHF C 5.2b 12.7¢ 9.2b 1.63b 1.84b 1.07b 1.71b
o 5.4b 13.7b 9.0b 1.63b 1.87b 1.00b 1.81b
T 6.1a 22.1a 12.3a 1.77a 2.16a 1.63a 3.02a
E C 6.1b  20.5b 10.1b 1.83a 2.15b 1.52b 2.68b
o 6.3ab  20.3b 9.9b 1.87a 2.20ab 1.53b 2.66b
T 6.3a 27.5a 11.2a 1.89a 2.24a 1.69a 3.13a
S C 6.3a 14.8a 8.8a 1.88a 2.14a 0.96a 1.51a
o 6.1a 14.5a 8.8a 1.96a 2.18a 0.96a 1.58a
T 6.1a 14.0a 8.5a 1.93a 2.17a 0.94a 1.45a
2005(3) EHEA C 4.8b 16.7b 11.2b 1.84c¢ 2.15¢ 1.91b 3.13b
o 4.9b 17.8b 11.4b 1.91b 2.24b 1.96ab 3.20b
T 5.9a 25.0a 12.9a 2.10a 2.43a 2.16a 4.14a
BX C 7.0b 24.3b 11.2b 2.01b 2.33b 1.79b 2.87b
o 6.6b 24.3b 11.5b 2.13a 2.42ab 2.01ab 2.89b
T 7.7a 32.2a 12.5a 2.16a 2.46a 2.20a 3.27a
CIS C 7.3a 23.2b 9.3a 1.61a 1.90a 1.20a 2.21a
o 7.0a 23.2b 9.2a 1.64a 1.95a 1.11a 2.20a
T 7.2a 31.2a 9.8a 1.67a 1.97a 1.40a 2.54a
2006(4) EHEA C 4.9¢c 15.0b 10.7b 1.69b 1.96b 1.54a 2.40b
O 5.3b 15.4b 10.2b 1.70b 1.95b 1.38a 2.30b
T 5.8a 22.3a 12.4a 1.79a 2.12a 1.58a 2.94a
JEPS C 5.5a 21.5b 11.6b 1.82a 2.10a 1.54a 3.16a
o 6.0a 21.4b 11.5b 1.84a 221a 1.52a 3.13a
T 6.5a 27.1a 12.5a 1.86a 2.20a 1.64a 3.24a
ICIS C 6.5a 19.1b 8.9b 1.68b 1.85b 1.15b 1.86b
o 6.4a 18.8b 9.1b 1.73ab 1.90ab 1.32b 1.96b
T 6.3a 25.2a 11.3a 1.79a 2.00a 1.97a 2.92a
&S C 4.1b 7.5b 5.9b 1.51b 1.69b 0.42b 0.82b
o 4.1b 8.0b 6.0ab 1.52b 1.67b 0.47b 0.84ab
T 4.7a 10.2a 6.5a 1.60a 1.77a 0.62a 1.06a
2009(7) HFHEAR C 5.0ab 14.0b 9.9b 1.59b 1.86b 1.15b 2.27b
o 4.8b 12.9b 9.3b 1.58b 1.84b 1.07b 1.98b
T 5.2a 18.5a 11.5a 1.69a 2.04a 1.46a 2.95a
BX C 5.4a 17.2b 10.9b 1.71a 1.92b 1.63ab 2.48b
o 5.2a 16.0b 10.2¢ 1.67a 1.88b 1.46b 2.30b
T 5.5a 21.1a 11.7a 1.73a 2.04a 1.82a 2.93a
2014(12)  FKZE C — — 7.9b 0.71b 1.25b 1.77a 1.98a
o — — 8.0b 0.76b 1.39b 1.77a 1.99a
T — — 9.5a 1.90a 2.16a 1.12b 2.27a
B ETEMEE Y FERE R RS AR 5% B3 - Values followed by the same letters are not significant
difference at 0=0.05. C HFHERE O FLER T 2L+ — : KXFEE

O): FEIMNEE BB ER B A RMEE The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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Table 4 Investigation on leaf agronomic characteristic of cutting-graft Oolong, Chin-Shin Oolong and
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TTES No.12
I HRE FaAe] TR 3 LI =

Tea  Treatment  Leaf length Leaf width Leaf area Leaf thickness

Year season _ = _ = _ = _ =
---CIm--- ---Cm--- ---cm?--- ---mm---

2003(1) Bk C 54b  6.4b 19b  2.4b 72b  10.6b  0.290a 0.346a

0 54b  65b  19b  24b  72b 109b 0292a 0.340a

T 58a 72a  26a  33a  10.6a  16.8a 0.269b 0.329a

20042)  HE C 58b 63c 20b 21c  80b 9.0c 0255a 0.296a

0 58b 6.8 20b 22b  81b 10.6b 0.245b 0.294a

T 652 8la 27a  34a 123a 1952 0.242b 0.279b

e C 51a 65a 1.7b  23b  6.1b 104b 0.245a 0.287a

0 5la 64a 1.8  23b  62b 10.5b 0.246a 0.290a

T 50a 6.6a  22a  30a  7.6a l4.la 0.227b 0.259

K C 532 63b 20b 25b  7.6ab 11.1b 0.273ab 0.343a

0 51la  6.6ab 19b 26b  69b 122b 0.283a 0.35la

T 532 67a 22a  3.la 83a 14.7a 0.268b 0.323b

2005(3)  HAE C 58b  6.6c 196  23c  7.6b 10.7c 0.269a 0.317a

0 58b 69b 195  25b  7.7b  122b 0.270a 0.322a

T 6Ja 8la 24a  34a 10.Ja 193a 0.256b 0.297b

EPS C 53¢ 6.4c 18c  2.2c 6.7c  10.0c 0.260b 0.309b

0 55b  65b 20b 24b  7.8b 109b 0267a 0.32la

T 58a  69a 24a  30a  99a 14.8a 0.260b 0.308b

e C 48a 59a 18  22b  59a 9.1b 0252a 0.295a

0 47a 57a 18  22b  58a  8.7b 0.248ab 0.289%a

T 47a  59a 21la 27a  7.0a 1l.la 0.232b 0.260b

2006(4)  HAEE C 62b 7.b  2.1b  25b  92b 124b 0.254a 0.3l4a

0 60b 69b 21b  25b  87b 12.0b 0.260a 0.312a

T 682 84a 27a  3.6a 13.0a 213a 0.238b 0.280b

P C 552  74a  19b 27b  73b 14.3ab 0.24lab 0.287a

0 532 7.0a 19 25b  7.1b 123b 0.25la 0.294a

T 57a 75a  22a  32a  9.0a 165a 0.230b 0.274b

FkZE C 500 59b 17b  21b  6.1b  88b 0246a 0.289a

0 50b 59b 18  21b  63b  88b 0.249a 0.292a

T 552 652  24a  3.0a  93a 13.8a 0.234b 0.272b

L C 40a 4.lab 1.6b 17b 43b  5.1b 0.249a 0.298a

0 40a 40a  1.6b 17b 44b  4.8b 0.239ab 0.290a

T 4.2a 4.5a 2.0a 2.3a 5.8a 7.4a 0.236b 0.277b

2009(7) B C 570 69b 19b 23b  7.7b 11.Ib 0242a 0.285a

0 56b 63c 18  21b  69b  95c 0242a 0.283a

T 62a 80a 25a 34a 11.2a 189a 0.228b 0.261b

EPS C 57b 69b 20b 26b 80b 128b 0.267a 0.326a

O 5.3c¢c 6.5¢ 1.9b 2.5b 7.1¢  11.3c 0.265a 0.317a

T 60a 74a  24a  3.a 10.Ja 159a 0.236b 0.280b

2014(12)  FKEE C 49a  5.4b 1.8b  2.1b 63b  8.0b 0.290a 0.346a

0 48a 57a 18  23b  61b  9.0b 0.275ab 0.328b

T 482 64a  23a  32a 7.8 l44a 0270b 0.306¢c

FPHTE B FEREE TR AR E 5% B3 o Values followed by the same letters are not significant
C:ENHE - O HLGHE T 2R+ 5k
O): FEIMNE T BB EME B4 R4S The number in parentheses indicates the growth-year of tea tree after

difference at a=0.05.

planting in tea garden
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Table 5 Investigation on shoot density and 100-shoot weight of cutting-graft Oolong, Chin-Shin Oolong

and TTES No.12

G353 P> AR HHH
Year Tea season Shoot density 100-shoot weight
SR HOEE ERTTS BESE HOEE ZERT 5

---Buds/30X30cm--- -—-g---
2003(1) L1 — — — 92.3b 88.5b 120.5a
2004(2) PEE1 68.5b 66.7b 77.2a 93.8b 94.5b 113.5a
SN 39.8a 38.2a 31.8b 96.5a 101.8a 105.8a
2005(3) F=3 S 46.8ab 47.9a 42.3b 76.5b 82.0b 141.5a
B 58.3a 52.5a 43.9b 105.5¢ 116.5b 158.0a
BX 41.4a 44.1a 34.6b 111.8b 122.8b 155.1a
kL 2 58.7a 53.5ab 48.8b 76.0b 77.0b 87.5a
2006(4) HA 72.8a 73.0a 57.7b 101.6ab 96.2b 127.2a
=S 52.7a 54.8a 44.6a 109.5a 111.0a 130.0a
IS 60.2a 59.2a 46.7b 73.8b 79.0b 110.3a
B S 73.9a 76.2a 59.4b 40.5b 43.0b 54.3a
2009(7) B 65.1a 64.3a 62.6a 81.3b 75.0b 125.2a
BX1 67.9b 71.7ab 74.5a 104.1a 89.0b 115.1a

RIITAMRFSC T REFORAE R E 5% B -

Values followed by the same letters are not significant difference at a=0.05.

Seper —

L8R 2: /IR
— RHE

(): FEIMNETF BB EM B4 R4S The number in parentheses indicates the growth-year of tea tree after

planting in tea garden
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Table 6 Investigation on shoot yield and made tea quality of cutting-graft Oolong, Chin-Shin Oolong and
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TTES No.12
FE P> e Y=
Year Tea season Yield Quality
BRGE FHOGE 2RI BESE O FOEE BT
---g/plant--- ---Score---
2003(1) EE 1 9.2 12.8 22.7 — — —
2004(2) B 12.3 11.1 24.2 71.7b 76.0a 74.2a
G i 46.7b 40.3¢c 72.6a 68.1b 73.3a 73.4a
LSS 31.4b 44.0a 40.9ab 65.1a 62.5b 66.1a
2005(3) B4 33.2c 43.7b 57.2a 67.9b 71.9a 73.4a
B 1 39.5b 49.5b 83.7a 67.8b 70.4ab 72.5a
HE2 41.3b 51.8a 52.9a 64.7a 65.7a 64.9a
e ! 44.2b 54.5b 90.8a 60.4c 65.8a 62.1b
K 2 74.6b 83.0b 116.9a 64.6¢ 67.2b 70.4a
2006(4) A 35.4b 42.4b 77.6a 68.2b 64.6c 70.9a
=Py 62.4a 84.0a 86.3a 64.9a 60.6b 67.0a
PR 74.2b 77.7b 123.0a 64.0b 64.4ab 65.8a
RE# - - — 63.7b 65.3a 63.6b
AE 23.1a 29.4a 39.7a 64.7c 66.3b 67.1a
2007(5) B 46.0b 58.5ab 62.2a 65.8b 66.5b 73.8a
B 105.0b 127.6b 156.2a 66.2b 69.8a 69.1a
PEE 1 49.6b 56.2b 87.2a 67.0a 64.7b 68.5a
2008(6) BER 29.3¢ 47.7b 112.4a 66.4a 67.7a 67.7a
B 47.9¢ 67.3b 77.1a 65.5¢ 67.2b 70.8a
BEH 76.9¢c 92.8b 153.2a 66.7a 67.3a 68.7a
2009(7) A 72.1b 78.6b 162.2a 67.4a 70.2a 69.1a
HAH — — — 69.0a 69.3a 70.0a
BX1 86.0b 100.5b 166.9a 66.3b 64.6c 68.5a
TP RIT AR R RN A R RGE S B -
Values followed by the same letters are not significant difference at a=0.05.
LRSS
DR 2 B TR — R

(): FEIMNE T BB EM B4 R4EFE The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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=t BESE - HOREAEST SEHE A
Table 7 Investigation on made tea quality items of cutting-graft Oolong, Chin-Shin Oolong and TTES

No.12
FE RE BRE HIZIIN [EEhE- Kea R HER
Liquor
Year Tea season  Treatment Shape Color color Aroma Taste
Y
2004(2) BX1 C 7.5b 7.4a 14.9a 23.3a 21.2b
O 7.9a 7.5a 15.5a 22.4b 22.7a
T 7.3b 7.4a 14.9a 23.4a 21.2b
e C 7.0a 6.8a 12.8b 19.9b 21.8b
o 6.1b 6.0b 13.5ab 21.8a 25.9a
T 6.3b 6.5a 14.5a 21.8a 24.4a
S48 C 6.5a 6.8a 12.5a 20.3a 19.1a
O 6.6a 6.6a 12.5a 19.2a 17.6b
T 5.8b 6.4a 13.5a 20.3a 20.3a
2005(3) HA C 6.8b 6.8b 13.5a 20.6b 20.3b
O 7.4a 7.0b 14.0a 21.8b 21.8a
T 6.9b 7.4a 13.8a 23.3a 22.1a
B 1 C 7.4ab 6.9a 13.8b 19.5b 20.3a
o 7.1b 6.6a 15.0a 20.6b 21.0a
T 7.8a 6.8a 13.8b 22.1a 22.1a
B2 C 6.9b 7.0b 13.0a 19.1¢ 18.4a
O 7.2b 7.2b 13.0a 19.5b 18.8a
T 7.7a 7.7a 10.7b 19.8a 19.1a
EE1 C 7.8a 7.7a 10.0¢c 19.3b 15.5¢
O 7.5a 7.2b 11.5b 20.4a 19.3a
T 7.0b 7.1c 12.0a 18.4c 17.6b
FAkE 2 C 6.6a 6.9a 12.3b 19.6¢ 19.3¢c
O 6.5a 6.9a 12.0b 21.0b 20.9b
T 6.1b 6.6a 13.3a 22.0a 22.5a
2006(4) B C 6.8a 6.6b 14.7a 20.4b 19.8ab
O 6.8a 6.4b 12.8b 19.9b 18.8b
T 6.9a 7.0a 14.0a 22.9a 20.1a
=8-S C 7.4a 6.6a 12.0a 19.5b 18.5b
o 7.2b 6.4b 10.8b 17.7¢c 19.5a
T 7.1b 6.7a 12.3a 21.3a 19.8a
DN C 6.1a 6.2a 12.9a 19.6a 19.1c
O 6.0a 6.0a 12.8a 19.8a 19.9b
T 6.1a 6.3a 12.7a 20.0a 20.8a
PSS C 6.2a 6.1a 13.3a 19.1a 19.0b
O 6.3a 6.5a 13.4a 19.4a 19.8a
T 6.4a 6.1a 13.1a 19.0a 19.0b
HE C 6.2a 6.1b 12.8a 20.0b 19.6¢
o 6.4a 6.3a 12.6a 20.6b 20.4b
T 5.8b 6.4a 12.8a 21.0a 21.1a

RPEITAMERSSI R TR A FRE S B3 -

Values followed by the same letters are not significant difference at a=0.05.

C:HIHGHE O FLGE T X5

DK 2 K

O): FEINNEE BB EE % £ EME The number in parentheses indicates the growth-year of tea tree after
planting in tea garden
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BT B

o' E Z WF5E

FE HKE Jia P fIZIN [EEhE- Kt R ER
Liquor
Year Tea season Treatment Shape Color color Aroma Taste
%

2007(5) B C 7.2a 7.0b 12.4b 20.0b 19.3b
o 7.1a 7.2a 12.1b 20.3b 19.9b

T 7.0a 7.1ab 13.2a 21.0a 25.5a

B C 6.8a 6.8a 12.9a 20.3c 19.5b

(@) 6.8a 6.8a 12.9a 22.0a 21.3a

T 7.0a 6.6a 12.9a 21.1b 21.5a

e C 6.1b 6.3ab 13.2b 21.5a 20.0a

(@) 59¢c 6.0b 13.9a 19.5b 19.5b

T 6.4a 6.6a 14.0a 20.0b 19.5b

2008(6) BER C 6.9b 6.5b 13.2b 19.8b 20.1a
(@) 7.1a 6.6ab 13.5ab 20.3a 20.3a

T 6.5¢ 6.8a 13.9a 20.3a 20.3a

B C 7.0a 6.8a 12.0b 20.1b 19.6b
(0] 7.0a 7.0a 12.1b 20.6b 20.5ab

T 6.7b 6.4b 14.3a 21.5a 21.4a

BAH#H C 6.7a 6.8a 12.8b 19.8a 20.4a

(0] 6.6ab 6.6a 12.9b 20.1a 19.9a

T 6.5b 6.7a 14.4a 20.5a 20.6a

2009(7) R C 6.8a 6.7ab 13.4a 20.4a 20.3b
o 7.0a 6.5b 14.3a 20.4a 22.1a

T 6.7a 7.0a 13.7a 21.3a 20.5b

BEXH C 6.7a 6.3b 15.1ab 20.1a 20.8a

o 6.8a 6.5ab 14.3b 20.4a 21.4a

T 6.7a 6.6a 15.5a 20.3a 21.0a

=P C 6.4a 6.5a 12.3b 20.1b 21.0b

(@) 6.3a 6.7a 12.0b 19.6b 20.0c

T 6.5a 6.6a 12.9a 21.0a 21.5a

RMETHMRF S F R EFROREFRE 5% B -

Values followed by the same letters are not significant difference at a=0.05.

C: HHEHE 0 HLEE T X290

RS
15—

O): FEIMNE T BB EM B4 REFE The number in parentheses indicates the growth-year of tea tree after

planting in tea garden
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AFTERT R R AMSEZ
k£ 1e* fFid L R

PR

113

W

FEZA s FAME RN EER » RS FAR A AR 2R - Rt
FrE AR 2 E > ARBMUAE - HOGE - EXR 898 - X 12 9% - X 18 5%~ X
21 5F ~ 2% 22 B R 2k 23 B 8 (AN EIE HER 30°C AYMRIF T HIE LS FRERR - S55RFR T
BRAHDEGIERREREIHIZERIISN - BREROCRESTCHIZER] - FOSHE ~ 2% 1257 - HER
IR 22 ST HYERBIRER 3 R I ERE (3 AR E — S Bk DAY EAEE - EiAh 4 fil SR
e LR R R AN EE S (bh - 2% 8 SRS 2B HAL I E E SR TR H
FEZK T3 7B — A LR ] R 2R 7 PR~y S EL M e A AR € - ORI e & (E PRV A
Vs B ARRR - AU R B R A SR B BAD A (S R 28 SR ATE R E S A
HiEaiE (R) 11275 -

BT : L fEM ~ BINE - RIRIEER

Al =

Z5f8f (Camellia sinensis (L.) O. Kuntze) 264 4k KA 2 EEEURMEY) Hot & 1EFHREEH
BN EAM AR ATE YT = {R{E (Squire, 1977; Roberts and Keys, 1978; Smith et al., 1993) - it RBIE
BRI RS R HER A E RS HREDE G E e A BE IR EHDEETE 7T DA
RN E 4 B EREAY 4 & ) B EME (Lawlor, 2001; Mohotti and Lawlor, 2002 ; 4% » 2015) -

HETEHZ AL FERTRE & 73 B E (light reaction) EA-RIGIEER (Calvin cycle) - BHZ JE
BT AL T4k ARG N B RIS A ZERG  (thylakoid) - HFEEEH (membrane protein) ZEZ4R 11
(photosystem II, PSII) Kot Z 4% 1 (photosystem I, PSI) B UZSEENG #EE 88 T-{HIESH (electron
transport chain) {THHZJE o L4 RERE A% (antenna system) J2fZJEH(y (reaction center) 4H
B G TT RER R E R 1R RE L BB » FEFE BoROCREIEHA S B 1Y
REfE > OEEEE T8 (receptor) RIE(LERLMFIRER » Ri& e ELMLEEZ I AITER =
& ARE (adenosine triphosphate, ATP) K772 [F AEAYFA E B R IENS — A% EHi & %S (nicotinamide
adenine dinucleotide phosphate, NADPH,)(Taiz and Zeiger, 2002; Baker, 2008) o & 7-{% iE i 5%
(electron transport rate, ETR » E&{i7: pmol m? s7!) {4FEHEEsE = C 2 HIE DIETEYE RS T KDY
AEEI AR T T EIESEEE T & (Genty et al., 1989; Kramer et al., 2004; Baker, 2008)» & {E B i/5¢
WY EEERETERET - RWE Y S B e & TEFRER -

BHEZ FEZEY)) ATP ~ NADPH #7 H A -RICIEER » &84B[EE (Fixation) ~ =[5 (Reduction) ~ FAERY

TEbE R Z RGOSR RIS #0t 5 BENIgtE - 208 B -



4 BRI 538 1 (2019)

(Regeneration) ZE20EE » 1 Rubisco (ribulose-1,5-bisphosphate carboxylase / oxygenase) 5 CO, Ei
RuBP (ribulose-1,5-bisphosphate - % Jif#-1,5- _551E) 45& 774 G3P (glycerol-3- phosphate » H7H-3-
Wl) » —80or G3P A Ay A BB - I HAMRER 7> G3P A A5k RuBP {F R ECIEER S IE
$BERYJEH} (Taiz and Zeiger, 2002; Baker,2009) -

AMEETEHER TR CRE A HIRE - BEA TSRS T SR G E W E AR
Z[F(& (Long and Humphries, 1994; Demmig-Adams et al., 1996; Horton et al., 1996; Kato et al., 2003;
Adams et al., 2004) » [-RIKIEEREE CO2 VR Ryt B S 1E AT EHEREIRE 2 T ERE Y —
(Taiz and Zeiger, 2002; Finazzi et al., 2006)  fH4¥7) Ryt e BRFDERENVEGE - FFEHIDELEEE
(non-photochemical quenching, NPQ) i[> aE LEHYIE = UHHL (Demmig-Adams et al., 1996;
Miiller et al., 2001; Li et al., 2004) = NPQ FJFEHHEELR 28 iy KU B MIE ~ » & NPQ B
EHEEGR R B RN EEE T HAZ 2 SRR R NPQ {EF A - 7 4R NPQ Ay Al &
ks 4 18 (QE ~ qZ ~ qT k& ql) 4Hp% (1) qE FEAERVERE AR - BRI SRS
(transmembrane pH gradients) ~ PsbS HEZE [ & B 55 Z 5% (xanthophyll cycle)5 [REAYYE Z4% 1T AR
JeOrERH] (Lietal, 2004) 5 (2) qZ FEA RGNS HFREIEHZEIGIR (xanthophyll cycle) A:RHYE
SR Z (zeaxanthin) [-RFEEE PsbS fE A R AT {E RV EOREMH] (Nilkens et al., 2010) ; (3) qT £
state transition > F1YE &4 I 2 eE &S (LHC, light-harvesting complex) #% chloroplast thylakoid
protein kinase STN7 % L. (phosphorylation) &8 % 245 1 i 2 A=A EORaEMH - {H EEARRIE
AGGIEHE 284 (Walters and Horton, 1991 ; Bellafiore et al., 2005 ; Tikkanen et al., 2006 ); (4) qI £
JeAlifi (Photoinhibition) » Z&FEAE R LI EORGEMEHISKBEE - LIREYIRE ZEGE » AL
P2 (Krause and Weis, 1991; Miiller et al., 2001; ) -

RIEZR e AR A & A - H i 2 G EH AT T FE A 2= Aalhs
DA 8 {EtetintdE (B3 - HOGHE - 2X8 98 - B 12 5% - R 18 5% 2R 21 58 - 2X 225K
255 23 5%) (ERikathril - IYEEIRIE 30°C Z R T S0 — A bhrl] & 2R3 R IEAR R 2 R
DAREA f e FE e e A3 2 R FRHTE -

PR DA
— R

MEMRI S EE - HLORRE - 2R 89 2R 1258 - 2R 1859 - 2R 21 9% 2R 25 K=E
7% 23 5555 8 R [E L fE 2 kst (Camellia sinensis (L.) Kuntze) » B TE TR EZR B & SEL
EISFE SRS > X E R EEN (E120°54'48.8" » N23°52'34.2" » 800-1,000 m a.s.l.) - B EHHAR]
Ry 106 427 H 10 £ 8 H 11 HRITBPe A RE R H HERGIE 2 408 7 & 8 AN TRES K
23.0°C J7 22.7°C ; MH¥ERERE 84.7% K 85.7% ; Him RO A 30°C 2 HEi& By 4.4 F 2.0 H -
— Tk

SR FH 225 open-flow gas exchange system (LI-6400XT, LI-COR, Lincoln, NE, USA) i
fluorescence chamber head (LI-6400-40, LI-COR, Lincoln, NE, USA) 2H{4-[EH5 TS E&1EHH R E
R I EERAHRA AR B 2B &M i AGHSE (Hadfield et al., 1976) F5HHAE—REAR COL RS T Aete!
REER 25-30°C I5A e AHY — S bhREE R » REEETIFSEREERRE (Tleaf) £ 30°C
FEAFHETRE (RH_S, sample relative humidity) 714 40-75% (SZHIE &R ARRMR - KRaEHE
(B R EE MR UKIREE J1 2 #2280 » WA T2 38 5% Mg R (LED light source, 90% red light
and 10% blue light) 32 EEIERYCTEERE (photosynthetical photon flux density, PPFD) £



TR B TR TR A S & (P e Hs

200 ~ 400 ~ 800 ~ 1,200 K 2,000 pumol photons m2 s~ 7 &4~ &M B TE 4 B -

BB LIRSS (detached leaves) #E{TERM] o A HMEEZRIEOREIE FERT—2ZF 2 A > 55
HUASE (PR B 12 PR (R EREE R BT AL B A K R BTV — 20 DU DR EE 4R B TR N BRI B R B %
EE AR Ky 2 it o SRR IS I B 3-8 f 0 HEREH MRS R AL VBTSN 19R
SERZKH o TSR 2 FIFTA B ER BN IR 2 IRE 2 /D 30 /3Dl b HER S
{E A RO S AR R AR B A L FESE AT I - SERATENS I HE 2 MG BE B MR ER B = DY
BB T HEHE N &/ ME Fo i AME Fm - FLETRESE Fv/Fm DEEEFRIE 24 T
BAOEETFHVERE (AR AREE) - FEIZ AT LI6400XT AL HE HETHY AutoProgram #ETTHE
HEE ZEIUAAR o i HIE 2,000 ~ 1,200 ~ 800 ~ 400 Kz 200 pmol photons m2 s~ A\ T %588 NHYA:
RN o FolfE R R BRI~ B ERI R ASE 2 E) (e AFREHE (L Rubisco) » 5ER LR
5% 2,000 pmol photons m? s {E A BB AZEE —BOLIR > SUE RN fy 30 sr it o R
R E E KT VO IR - Heptidnars Ba e FrE R 8 /78 IOLIARIE 2 rdEacst—
KEWFSTHAESE -

ETR B NPQ FHBE4E Z 828 5B/ &% Maxwell K Johnson (2000) £ Miiller 2 A (2001)
> 885537 » ETR = OPS2 x 0.5 x 0.84 x PPFD ; NPQ = (Fm-Fm’) / Fm® » £t ®PS2 = (Fm’-F) /Fm’
(Bl quantum yield) » Fon’ FomyE 8 FRT iR RN E » F A Eia MR EAVEYEBEE » SRt
JEUE 7R FE 0.8 FhEY5RIEHR (6,000-8,000 pumol photons m 2 s™') FRERIZHIG: ©
=~ HEraT

AEE A A F e i RS TE P S BRI A Excel (Office 2010 AitA) 2 Hi Hammer 5 A
a1 2001 R iEt o iTE RS PAST (RRAS Ay 2018 4 4 342 3.20 HiA) #E1T ANOVA
¢ Tukey's test 2588 ELER A » AG{#E D SigmaPlot 10.0 i 4& %! Pn-ETR K% Pn-Cond 7 #@ZA4% -

& R

& — Ry Zadantl 2 BEE SE A R L 2RI T EAEDEAS T Z¥EaRB - WatHHE
WS RERHAE A B TR (ETC) ZEEF-{HIRHA (ETR » B : pmol e m? s7) Z1H - FiA
e iR ETR {EREEC IR RN _ B - el @R ErayRREEE - ETR ZF P
FBERIE ISR AR EL Y 800-1,200 pmol photons m2 s~ 7 fif] » F—HAHUS{LYEIGRM 1,200-2,000
umol photons m? s~ N A AL FEEEAGSE ETR ~ NPQ ~ Pn Jz Cond F2H{E - W LIZ EELR T
iR 72 SR B © SRBDEIRGRE 1,200-2,000 pmol photons m ™2 s 2 ETR &3 » #dnfdfH %
EE 2 GERNTR AR - SRR 1,200 pmol photons m s™' I A O S REHVE SRR
Aefe o [ERER O - 2408 9% - 25K 18 SR EA 22 9% » EOK 12 5% » 2R 21 SR AR 23 5%
FonEERENF O SREENAEE - BREERNESR 85 » 2% 1258~ 2 18 9% ~ 2R 21 5
RIS 23 5 [EERARRE - 258 22 SR HER > BERN A ELIMYEAMSHURME amil - AR
AEEERARE - ZAMOLIGRE 2,000 pmol photons m™? s~ AY{ER(F T~ » ATARTEEZ ETR E5@/E
1,200 pmol photons m™ s~ B Z HME(E - HNEZZEKFHE R : 2X8 5% - 242398 - 5
- ER21 9 B 189 BOR229%  BX 2ERF LG RPE LR TREEEED  |E
BERHAM SIS - 95 - 220858 250 1298 20 I8 9%~ B2R 21 SRR 2% 23 RS
ol R [E RS 2 B - 20K 22 SREFRR R (K - BEEELSMYEA 6 (ESslmiEm#EE
Bo(R)e

f — Ry AT eh AR S AN [R5 2R ROE T > ENEELRREDE (chlorophyll fluorescence)
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AGETFE PSIT 2 JEALERIE. (NPQ) - A KL NPQ (B & & PPFD Z i finm#est - 7> PPFD i
800 umol photons m? s & FEF 2 MEERHAAMET 4% - NPQ (A& infl 722 SR AR —FfR »
2,000 umol photons m* ™' FYFEHASRETN » Z55 22 SRER Ha ey NPQ B » i B 7 {8l fEA
BEAR - O - 23 18 5% - 2821 iR ER 23 i MmEE AR - MAEORE - 22X 89K
2512 SHEREWESS 18 S ESE 21 5K HEIHEER Z2S 23 SR MfmiiE 2R (F—) - ot
R385 1,200 pmol photons m 2 s~ B 2% i fe 7 fif] 72 R EEE AR PGl (HZ4E 8 R R =28 12 Bl 2E
18 5% 2% 21 A0 hnfEY NPQ 7R laafs MM =% (F—) -

fi = Ry RS SE A [FI58 I 2 (BB S » RIRIEER (Calvin cycle) 25t E1F RS
(Pn, net photosynthetic rate » Bi{i7 : pmol CO, m™2 s7!) o &S CHEERE N Pn ([HFEIR - 27523 55 %
275 8 SRRV HigHA Sl s > MRS 2T Ry - 24521 98 258 18 9% - =58 12 5% -
HIEE - HOERERES 22 58 - R —Fr > &0anfERR 1,200 & 2,000 pmol photons m 2 s {YYEER »
2R 8 SR EE S 0 BEA% 23 SRELEZS 8 SREMIT HAERAEE - R A2 21 JREE58 18 9% » 4
B 23 SR E SR HBEER S SPAE SR - 2R 129% - OE - BORBEAER 22 F 4m
18 Pn {EEFZEEAM 4 (H 2500 E1K -

(i VU s BT RHR A ZE A [E] 58 8 2 VB LR T R ALEE (Cond, stomatal conductance » BTy
mmol H,O m2 s™") » KELLEZS 8 58 Cond H fix = » FOEIETRE 1,200 Kz 2,000 umol photons m=
s N E A R A R A 7 Sl R R (') -

[ 718~ PPFD £ 200-2,000 pmol photons m2 s~ Z &4 T » FrA ks infd Pn ¥ ETR FIHHR
EIfEERYIEAERR M - Z5E 8 SREAEZS 23 SREEA4E 1 Y = -0.0442 + 0.0978X (R?=0.8712 » P < 0.001) ;
EXR2 EREZR 1855 1 Y =-0.4164 +0.0692X (R2=0.8291 - P<0.001) ; EZ 12 5% - B « F»
ERENEZL 2258 1Y =0.4745+ 0.0206X (R =0.2391 » P < 0.05) - DIH[E ETR 2 & N EL#E & S fE
Pn {H 7728 KEDIESS 8 SR RESS 23 9F 2 (HE S - 255 18 JRBLEE 21 9f R » HernE - =
#1258 ~ HOSEHEREZE 22 SRR -

[ 7<%~ PPFD % 200-2,000 pmol photons m 2 s™' 2 {4~ Pn ¥} Cond 7 BEl{# 7R By 2R IEAHRE
EL 8 B BN 1 Y =1.2939 + 60.8819X (R?=0.9082 » P <0.05) ; Hak 7 fLfEgsh4s 1 Y =0.0127
+123.9872X (R2=10.8291 » P <0.001) - ZZ¢ 23 SREIEZS 8 5F 7 [HIHEZR Pn TIUEIT - ZAMEZ 8 5%
RS N R R S -

B

AelEp A EER EIAS S e AERRE - DAE - FLOEE - ZXR 89 - ZER 1258 - =
8 18 gf B35 21 5~ 255 22 S K B % 23 5 Rkl BEREE 30°C M E A EE TEH IR (ETR)
FRRAEREE COy Z i EERZEER (Pn)e N EE T EIES 2 #H(F 74 NADPH J ATP (Taiz and
Zeiger, 2002; Allen, 2003) - i ETR {Hixt =% - Ham FEATISRIA NADPH K ATP EE§5%% - A E
— 510 S HE 2 B FEZEAE NADPH f; ATP S#REAM SfE 2 - i IE5t 22 shicfh ) -

B8 R 18 9 B 21 BEMEER 23 810K & TR AT SR RIE Mohotti J Lawlor (2002)
TRET B R 2 5B ZEAH T - Mohotti 5z Lawlor (2002) stBgsilin 22 2 b & ERTER R SR
BB N RDEHNSIN A T2 RS Aslln s SRV Bl 2 B G 38 4F - (B{E RN ERY
iy - BEl—2 ETR FAYEREEEE 2,000 pmol photons m™2 s 27 {H# 1,200 umol photons m2 s I »
AT Ry PEER SRR EHRIRTEL - FelBBot iR i S i A RR T - B EIRaE RS 1,200
umol photons m~2 s i ETR flEFE 2 15 al fii 2,000 pmol photons m™2 s 27 SRR 54 & 1 HA K7 FE
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HISEHNHINE AR HDOE A SEEEERIGEE - St At e @ idsa s 2 e S E R -

RECEEE Pn BABHZ E ETR > [ 2 1EAHRE (Genty et al., 1989; Krall and Edwards, 1992; Kalaji et
al., 2014) [t - A LL ETR 5 quantum yield F S E VLB G F FHAEERIIEL (Genty et al., 1989;
Krall and Edwards, 1992; Maxwell and Johnson, 2000) - {H EAHBE1E AT gERYfEE A S EREE 2 N [E]
H7EH (Wong et al., 2012) » jfi HEiAAE: 2 S nfE = > BB — - B =K E A P8R E e
tmid Pn ¥ ETR 7 S(LRAIFE/EEHEIRYZE 2 « 275 23 98 E5% 8 5 Pn #f ETR ([ 2 B H Al i fd
EHIRER - BURHHR ESRATVAE EYE NAPDH f ATP HIA-RICIEERAYEL Fle Eoftr i s - 5
28 1258 - HLEHE R ES 22 SRR RHE NAPDH K ATP HA-RERIEERAYEL B - NADP*
F FsHA S FE BT AR R i R BE 13288 » (i R ICIEER A gE SR #E NADPH » B8-3ZH#G NADP*
HIEARE - SEEEESRAIRNERE 1 " 52 MR S E RS EE - 558
I ATP & 881 (FIRSRAVAE (F A AR HIHIRIIE - ZAM B EE ~ 255 12 5%~ HLRHERES 22
SRAEAR Pn HYIRL MMIRE4ERF—ERZEHY ETR » Hrp X PAH O S RER A=Y ETR SR (E— K
Fe—) » BIEHE Pn R VSR RURER HA A SESFE NADPH f ATP » DU 6 HOUALEL S EAY
HERRAYEYNE] - 51 AT 2 SOR S H At AR A L AAEHES A - BIAI5ERFIR. (photorespiration) ~ S54E
K FE (Mehler reaction) AHEEIE#E[E (nitrate reduction) FHEHAMA{EXFE (Oberhuber et al., 1993;
Peterson, 1994; Kozaki, A., Takeba, G., 1996; Cheng et al., 2001; Taiz and Zeiger, 2002 ; Pérez-Torres et
al., 2007; Ripley et al., 2007; Miyake, 2010) ATLUH{LE FEIRPRAVAE R EY) « I - AHERHA 4
&l Al - HEHIE EE ~ 225 12 58~ L BREEAR 22 5RO LB R B YA BRI L Bl i a4
ABAEHES P E A - 28T S R4 Ry UIR Lt (CBS (AR A R FOBFERE & Z LRI Ry fol I 75 B A — P AR
& o

Y NPQ T2 qE ##Rk » BIRE - HIRS i RS M EE R 5 S [t Ik
H > BRI BB EA AR (LR R4 FE NADPH K ATP (YRESIARE » RIIEL » [El—GEE58E T ETR ¢
SHYLiE - H NPQ EAB(RAVES: (B — - B K#%—) - ATl iE R RIS M (L NADPH
e ATP BEJTHYZESE » HIIE - K Pn BY S A RS S HE SHY NPQ H -

RALE R R IBERRTRRHY COL AR M- RECIEER ¥ CO, Z R AEZ R L (Taiz and
Zeiger, 2002) » R FLANE NPT~ RFLE S - KIEER 2 2 1EAHRE  2AME2E 8 9RAE[E] Pn (BRI
AR M RFLEEEEREMSES (B = - BEEER—) - HRRFLERFEE] CO, K HO #EH
HERE - RIS - BEARRA CO. & HaO #EH RALAVEERG N - ERER - RICIEERAT
THYERE COy RZRAFLIRFIEALLE AR - (HERE AR 7R E S8R - /KHrRAR S - Hit
24 8 SR AIRERE IR = Y RALENE - IRAERICIEIRE 20 COx AFREEH: Pn ([HAEHAM miE SHY
FH » (H AT TH AV AE Ry /Ky BRI » H el Bstr FIBERS B2 HIE - IS &1 AR Koy
MERHEZ > Wit - EHE/KS R ERVER > 255 8 SR HA F o i R LR SRR AT
AFHE -

FEDEAERRB R EEMER > PR ESER e 2R 2R - (FAHEY S EACFERL
ALK IE » BITEREEEDE S 1F Y 52 2B Y s i R B ER AR B E MEAHRE - fk Hadfield (1976) H
Mobhotti and Lawlor (2002) Frfialtsteb & F R AR R i~ R #iE - B85 IR 30°C 1F ik
S AR FTE E Z FOR - A A DR EL SR AT SR DL S TE S TEHR 28 #ELUE S R EYEEE
FZREAY A - SR AE RaHE ARG (R) (IS EER - AMERSEEH B L 1)
FAREREDR (BGRR) ~ TR Z0RE R TIRAE I RIFRVEES - A BEME RS RIS E &R -
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The Differences in Photosynthetic Characteristics
among Different Cultivars of Tea (Camellia sinensis (L.)
O. Kuntze) under Conditions of Fixed Leaf
Temperature

Chung-Wei Chen
Summary

There were not only differences in phenotypic traits but also photosynthetic characteristics among
different cultivars of Tea (Camellia sinensis (L.) O. Kuntze). To investigate the characteristics between
cultivars, eight cultivars of Bair Yeh, Chin-Shin Oolong, TTES No.8, TTES No.12, TTES No.18, TTES
No.21, TTES No.22, and TTES No.23 were chosen for measurements of photosynthetic rates under
conditions of fixed leaf temperature 30°C. The results showed that the photosynthetic rates and the energy
distributions of absorbed light could differed among the tested eight cultivars. Chin-Shin Oolong, TTES
No.12, Bair Yeh, and TTES No.22 had a larger proportion of the light energy used in the biochemical
reaction other than Calvin cycle. The other four cultivars still exhausted light energy to assimilate CO,.
TTES No.8 showed higher stomatal conductance, and it also showed that the unique equilibrium between
transpirations and CO, assimilation rates were different from that of other cultivars. The influence of
cultivation environment on photosynthesis is related to the survival of plants. This experiment measured
the photosynthetic parameters on the boundary between moderate and high temperature, and the results
could be applied to select the breeds that could be potentially tolerant to heat stress.

Key words: Photosynthesis, Light reaction, Calvin cycle

Assistant Researcher, Yuichi Branch, Tea Research and Extension Station, Nantou, Taiwan, R.O.C.
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T~ NEFE R TR AR ~ JPBEAE ~ e ER R SR LB

EER R Se R

R 1,200 & 2,000 pmol photons m2 57! 27 FLiw
Table 1 Comparison of electron transport rate, non-photochemical quenching, net photosynthetic rate and

5 38 H (2019)

JeEERDET

stomatal conductance of different cultivars of Camellia sinensis under the photosynthetic photon

-2 1

flux density of 1,200 and 2,000 umol photons m ™~ s

gggﬁi KT o5 B IR S FREERAEE  RIALEE

PPFD Cultivars ETR NPO Pn Cond

(umol photons m?2s™!) (umol e m2s) (umol CO, m2s!) (mmol H,O m25s!)

1,200 SES 96.25+2.93bc  3.02+.06bc 3.15+.56¢ 0.0182+0.0023b
HLMSHE 119.85£2.25a  2.69+.06¢ 2.16+.38¢ 0.0150+0.0082b
=LA 8k 102.08+2.20b  2.77+.06bc 10.29+.60a 0.141140.0167a
EX 129 105.77+2.68ab  2.78+.09bc 3.05+.30¢ 0.0386+0.0046b
201898 105.9543.09b  3.01+.05b 6.34+.53b 0.0462+0.0121b
EH215 106.56+3.82ab  3.08+.08b 7.51+.88b 0.0557+0.0084b
B2 82.904236c  3.53+.07a 1.41+.14¢ 0.0102+0.0014b
22398 108.8644.29ab  2.92+.10bc 10.28+.40ab 0.0684+0.0026b

2,000 =E:S 90.95+1.50bc  3.21+.05bc 3.27+.32¢ 0.0187+0.0018b
HLSHE 119.30+£1.93a  3.01+.05¢ 2.61+.34c¢ 0.0263+0.0076b
=R 95.38+2.14b  3.00+.05c 10.86+.48a 0.1695+0.0158a
ZER 129 103.5442.15b  3.09+.07c 3.52+.28¢ 0.0455+0.0044b
EZX 185 101.5742.91b  3.33+.03b 6.61+.52b 0.0568+0.0129b
ZH21%8 101.9443.65b  3.42+.05b 7.95+.93b 0.0594+0.0095b
B8 79.6742.28¢c  3.72+.07a 1.80+.21¢ 0.0120+0.0022b
20239 102.87£3.42b  3.29+.08bc 10.88+.35ab 0.0789+0.0012b

Values within column followed by the same letters are not significantly different at o = 0.05 by Tukey’s test
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Fig. 1. Electron transport rate of different cultivars of Camellia sinensis under different photosynthetic
photon flux density
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Fig. 2. Non-photochemical quenching of different cultivars of Camellia sinensis under different
photosynthetic photon flux density
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Effect of Different Scenting Conditions on the Quality
of Osmanthus Scented Tea

Chiao-Sung Chiou! Chih-Chun Kuo'! Meei-Ju Yang>*
Summary

Scenting green tea with 5% water content to produce scented-tea should need 12-16hours, but
scenting green tea with 10-20% water content or scenting by vacuum 8 hours could have similar aroma
effect. Water content of tea will increase after scenting, they should proceed drying to decrease the water
content below 5% to ensure the quality. The results show that the water content becomes 5% and
electricity is 1.13 kWh after drying with 80°C and 30 minutes. But it could reach safe standard after drying
with 60°C and 60 minutes. Therefore, use wet-scenting teas or vacuum scenting for 8 hours, and dry with
80°C might be a time-saving and labor-saving process. Furthermore, scenting by vacuum and
wet-scenting teas could let aroma becomes more fragrant and without any bynote. Scenting by different
fragrant flowers with teas in specific conditions could produce flavored teas with complex flavor types,
provide more multiple tea products for consumers to choose, and promote competitiveness for scented tea
markets.

Key words: Tea, Scent tea, Save time and labor

1. Assistant Researcher, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
2. Associate Agronomist, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
*Corresponding author.
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Table 1 Sensory evaluation of osmanthus scented tea with different scenting modes

PRER T JBUE abat G E A A

Treatment Sensory evaluation Quality description

DS-16hrs (CK) 2.40° TETHEOR ~ FO5 0 R R
WS-8hrs 3.10° TE&RIHE

VDS-8hrs 2.80" FERIHE ~ 25 R AR e
VWS-8hrs 3.90° TR ~ RGHRFH

fhisk © DS : BZIREELE 0 WS D RIREEUE - VDS ¢ HZER IR ERDE - VWS L KRR ERE -
1-5 97 BB EFRE REURAD

R ARERTT AR R T

Table 2 Volatile compounds analysis of osmanthus scented tea with different scenting modes

N R 75 Treatment
3 73 S, I
Major volatile R.T FEFEIRORE  oroRit - DS-16he WS-8hr  VDS-8hr  VWS-8hr
component (min) Osmanthus Green tea (CK)

Relative content (DU I EFE{E AL Logl0)
Cis-linalool oxide 14.232 6.97 6.54 6.26 6.74 6.40 6.70
Trans-linalool oxide  14.716 7.00 6.46 6.26 6.62 6.40 6.64
Linalool 15.051 7.35 7.25 6.96 7.47 7.01 7.44
Nonyl aldehyde 15.167 7.15 6.75 7.15 7.20 7.15 7.24
Cis-jasmone 23.468 6.57 -- -- 5.90 -- 5.85
a-ionone 24.203 6.75 -- -- 6.07 -- 6.22
Dihydro-p-ionone 24.492 8.14 -- 6.53 7.05 6.77 7.21
2(3H)-Furanone 25.172 7.48 -- -- -- -- 6.15

B-ionone 25.66 7.46 6.60 31 6.94 6.56 7.16

6.
izt © DS : EZRREELE 0 WS 1 RIMMEELE © VDS 1 HZERINEENE § VWS T BZERINEED
RT : #E4HERE (Retention time)(n=3)
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R=  AIEFZRERE B R 2 A CRK D S8~ BUE et R B EEHS
Table 3 Water content, sensory evaluation and electricity consumption of osmanthus scented tea by
different drying temperature and time

R Koyeas JBUE fnEt nn B fR I FHEEEE
Treatment Water content (%) Sensory evaluation  Quality description (kWh)
FHE (CK) 17.96 1.00¢ ERBE  ERECE 000
60°C 30min 7.17 2.83 R 0.81

80°C 30min 5.82 4.00° TERIRAR ~ ZEUREERO 113

60°C 60min 3.98 3.83 TEETRAD ~ HUREZA 1.20

80°C 60min 4.32 1.83¢ TEERBHEE ~ Z235H  1.64
60°C 90min 3.21 1.33% {EEABHEH 1.56

80°C 90min 2.10 1.164 L& NHHEE 2.13

s 0 155 YRS ETE AEOAD

R ~ ARERITAEE O B SCRHEE EEOT aER

Table 4 Volatile compounds analysis of osmanthus-passion fruit scented tea with different scenting modes

FESEVERY [k EE 775 (Treatment)
(Volatile RT 5N HETE HER DS WS WS
component) (min) (Green (Osmanthus)  (Passion (WC=3.4%) (WC=24.63%) (WC=42.77%)
tea) fruit)

Relative content (DL 1§ FE{E AL Logl0)
Hexanal 219 6.92 7.12 5.45 5.51 5.68
Heptanal .998 5.65 5.92 5.97
Ethyl hexanoate 1.020 7.93 5.33 5.41
Cis-linalool oxide 3.259 6.23
Delta-3-Carene 4.073 6.51 6.31 7.37 6.12 6.50 6.55
Nonyl aldehyde 4213 7.43 6.30 6.15 6.12
Dodecane 7.015 5.69 5.85 6.04 6.32 6.23
Dihydro-beta-ionone  3.491 6.77 6.00 6.17 6.08

st © DS : iZREELE ¢ WS D RMMERLE o RT - FiE IR, Retention time
WC : 7K45r& (%), Water content  (n=3)
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Table 5 Volatile compounds analysis of osmanthus-passion fruit scented tea with different scenting modes
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Quality description

Water content (%)

Treatment

ERAHE - BREE—

3.40
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T iR R
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HSRRARIHR - AIRLE

24.63
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HE > ZEEDESRIE K &8 Ry 17.96% » GEEZIK T S8 R 2.10% -

L
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Fig. 1. Different water content of green tea, left is 17.96% and right is 2.10%.
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B =~ JRAE (17.96 % > EE) FEIEKEZRE (2.10 % @ TE) FEEZ MmN - K
Fig. 2. Appearance and liquid color of scented teas by wet scenting (above: water content is 17.96 %)
and dry scenting (below: water content is 2.10 %)
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BaF R0 BEFHSE EZEFH EERFSIHF

B = - AEEE RIS /KE - HAEZE A & DS-16hrs ~ WS-8hrs ~ VDS-8hrs + VWS-8hrs
Fig. 3. Tea liquor color of osmanthus scented tea with different scenting modes, left to right are DS-16hrs,
WS-8hrs, VDS-8hrs, VWS-8hrs
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Fig. 4. Changes of water content for osmanthus scented tea after scenting
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Bk (B> 1995) « =IRE B EEEEENGELWERIMLERSY » HETFEEMRIBERE M - K
B BR AR REEEREEETI Y BRSBTS  HE 8% S BREK -

FREEALER T & B G E BRI Uk IR R S 5 B R RS P RN 2 R R (R % U
M E M E S EARENE Z EERE > (R » 2015 ) » HEREEMN LB B LB R 53 A B 1R

5 (H > 1985 ; Liang et al., 2003, 2005 ) » ELrp 5 S ZEHEALE (& (total nitrogen content) 7 25 EL@r
FERIER R Mk - /KBRS > ERIE RS BME S AHRAME (SREA5 > 1979 5 Chenet al,,
2015) > HARRIZS Z 4Efthian C ~ 0)7ASy ~ 48R E - SRNFBER AR 2 i e S5 T 2R oy & Bl AR
ZE B E (Fukatsu & Hara, 1971; Nakagawa, 1975) » H AR 0 6k 70%H9H I (Nakagawa,
1975 ) » BHZEHE H RIS ERR BIAE R - SRR IR - 2SR B B R Al & B BLEEE IR [ 4R M RE
% (Mukai et al., 1992; Yan, 2005 ) ; 2[5 (2014) Wi5EiEH © BE = EIRRGER L WRILESR

I TEIREEZEGRENRY WEIRE - BEAES - B EFRERE - 28 P -



142
BRI A 55 38 11 (2019)

R NEERS T S S Bl ~ SEBR 1 A 22 BY[E 1] 54552 EGCG  (epi-gallocatechin gallate )
SEBRHESNEANE  FEHEXBEEERERER SRR RE 48T - EGC
(epi-gallocatechin ) ~ EGCG 2HE EMHRH - SR EIRS HA . - MEEMZ T &2l
( Takayanagi et al., 1984; Syu et al., 2008 ) » ZZ5E A (1990) F5HZ85 Pl B AR A Sl 26 2
ERHEREAZWEHIEAER - 2RSSR YR & ERIE SR  IENAEE AL HRE
fERS RIS S8 ELREE M (Hilton and Ellis, 1972) o

REZEEMAR(LEY) (Volatile organic compounds, VOCs ) BALLEELRERRHNE » 57

EANLESSEE (AS - 58 - =58 WERMAR(CEWERT » R-B-2E8E - 51

PRV M EES RS EECREEE S MisEESLEYHE 2 EUEEERE » AR
BEEHEIESLEYHEEERS I LSS e RAAH R EE AR a0
IR ME ~ S EEEELY) « ZE5EEE - KGR AT ERTEHEESE LIZER (b
2013) -

EERIERRIERE S > NEMIEAE ZFFERIERIER ~ HHRIATER » S0 BK R
EME SUETEESRAR HEBUE BB R E SHERETT AR RR R O H ~ AL A3 5T 2R U R e
1995) » At » REZEZ BB 2 B8 LEVERTRE - A6 28 =EEE 2 T
PRl ~ HARZ & B AFTRE - ek 2 BT A AHE -

RIE » ABH2E AR 108 R [E 5 2 HIRGLLEZRTS » BRERSI A E LB R B2 2 RRsR M4
Ao WSS EHESS A REEY) - TDE S R EEZ TTE A B A TRORIEL AT - AT SRR RS
Fl oy BEL B 4R 2 BRI - T EL R M 2 AR RRFE A BN AR SR A E R f R S R s 2 &
B FERNEEER Z W18 BIERE SRR SR R R 5 0 B =fER - B R HEE
PP N B MRS ERESE DR E R 43 B A TR -

PRI TT A

— ~ sk

() FEHE ¢ 108 A S BB R AR 25 (8 » HP A% 12 (8 > 3HATES (first prize) 2
@ ~ £8% (golden award) 5 {[f ~ $R#% (silver award) 5 {# ; {BE (merit award) 9 {{ ~ &K
(eliminated) 4 {{ » AzES I AREESSEE (special award) Z55E -

(D& LBl @ (-)-epi-gallocatechin (EGC) (= 95%) ~ (-)-epi-catechin (EC) (> 98%) ~
(—)-epi-gallocatechin gallate (EGCG) (= 95%) * (—)-catechin (C) (= 98%) - (-)-gallocatechin
gallate (GCG) (= 98%) ~ (—)-epi-catechin gallate (ECG) (= 98%) ~ (-)-gallocatechin (GC)(>
98%) ~ (-)-catechin gallate (CG) (= 98%) ~ & & Tl (gallic acid) ~ mjiHE A (caffeine)
Polyvinylpolypyrrolidone (PVPP ) &5/ H Sigma-Aldrich (USA)/\E] - SnCl, i H Alfa Aesar
(USA) > Ninhydrin ~ Acetonitrile (LC grade) ~ formic acid (LC grade, 85%) ~ Potassium sodium
tartrate tetrahydrat~ FeSO4¢7H,0 ~ di-Sodium hydrogen phosphate dodecahydrate 5z Potassium
dihydrogen phosphate £3/iH Merck (Darmstadt, Germany) °

= wBTA

() EEmmpa B DI E R R H R FREL 0.5 g S5ty » BL90C BUKZLHL 20 738 - HiliR
HIER LA E R R 50 mL > SR EEEN =IOE T oM PHEEE R oy
MTEEER -
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(LB 53

1.

K ERAE © &Y 3 R BN tnE P RETEE 2/ NEEE=AT 0 2 105 TRt

FERZIR R INEIR T E - SEEHE AT =51 -

AR B & B OTE (Tkegaya and Masuda, 1986 ) @ BUEF5E R R AL 15 mL fil A

0.15g 2 PVPP » F873E & 30 57§ » DL Whatman #11 5E)EAUEE - KR 4 2 5

1% B 1 mL > 3 HHRFFAOA 0.5 mL &{bae#aii (0.1 g @fbaefHfiA 50 mL 2M

pH 5.2 i 45 #177%) ~ 0.5 mL Ninhydrin %7 (3 g Ninhydrin fjl A 100 mL 95% 7,z ) »

FEoTIR AR LUFRZKHEI TS 15 738 2 AHENIA 10 mL 50%;5#5 - Aoy et iEa Al

& 570 nm Z W HHAE -

BT e BHIE (Iwasa, 1975) - BUESERZ BRI BIRFP A | mL A EE aa s

R (0.1g FeSO4+ 7THO Kz 0.5g CsH4O6KNa « 4H,0 YA — KK EE S 100 mL ) ~

3 mL pH7.5 BfL 4R EAR - JRERRFE 30 708 » DU EETHIE 540 nm 21

g -

W FAAIE (Bernfeld, 1955) + #F5Ep B AHKFFAIA 1 mL DNS &% » 24

BEIKTE S 77 - LAENIALBET 7K 6 mL ¥k > JEAJERFE 30 705

DA R HIE 540 nm 2 E(E -

A EREME ¢ HEMAESER B 20 mL - BATHSLHEEZ 2 2888 mdr - LL100 C

KGRz E A 105 C R R INERAUHFFE - RIB T YR e EE A

& (D/W)X(150/20)X100% - Hrf D BoRiGHA&SHYIE 2/ FE - W RiEd

A BXREE RIREEKEZE) -

(& 52 22 R IER 2 HPLC 3l © S5 hEERBIEZRAEAE (CNS) 15022 HH5%

N6384 I &l - AR ZME ) ZEiRiE - R IR rsE RS R i A

BT -

(1) B+E : Merck CART 250-4 PUROSPHER STAR RP-18 (E) 5um

(2) Detector - Agilent 1260 DAD ~ Wave length: 280 nm ~ Injection volume: 10 pL -

(3) Eluent A : 0.1% formic acid - Eluent B: acetonitrile -~ Flow rate: 1 mL/min > [&#ft
SrEErIR S LR 0 Sr8EE] S S38E 0 LA B=100:0 LLEI4R4EE(LE A B
=90 : 10 - gERFZELBIREE R 1S o > B DI E A B=80:20 £ 29
oyeE o AR LR A 2 B = 78 122 3 35 oy - DIGMEEMEE A B =75:25
240 77§ -

Z g & H%E (Henderson et al., 2000 ) :

(1) B +E The Zorbax Eclipse-AAA columnl50-mm length columns 5 4 m °

(2) Detector: Agilent 1260 Fluorescence Detector ~ Wave length: 338 nm ~ Injection
volume: 10 ¢ L o

(3) Eluent A: 0.1% NaH,PO4 ~ Eluent B: 100% methanol: acetonitrile: water =
45:45:10 ~ Flow rate: 2 mL/min °

HEMEAREEY) L B0 g AR SfY - G T EE > DL60CHIEL 15

i BUE SPEZ3 T 250rp.m) A » LA divinylbenzene / carboxen /

polydimethylsiloxane FEFH{HZEE 484 (solid phase microextraction fiber, Supelco,

USA) » ZEHY 85022 [ 2 S 25 Rl o3 ZEH 15 77 88 - LAHP-Agilent 5890 GC #:43% 5975B

MSD (Agilent, USA) FAH@MTERLE > (HH 178 & HP-5-MS (Agilent 30 m x
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0.25 mm ID) > JEHTURE 220°C » JEGFHER T (splitratio © 5:1)  FRMEEAAFRT:

K5 40°C » 4ERF 2 gtk LIg 0§ STCTEE 200°C - #5748 2 7y 8k 45 R - SR

REfEAR (He 99.999%) - Jfidfg oy ImL » BEEERRIFAEEF (LR E T %A

(ED - HEETEHER 70V BETIUR~E R 200°C » HEECURAE R 210C - AR
AREEE PR B R R E R Wiely 275 81 NISTOS -

) BiggET - BB A =@ UETHRE T S 2 ELL4E TS CoStat
(version 6.400) #EfTEEEE (ANOVA) ~ fHEHM: (Correlation) Kz Fisher’s least significant
difference test 2 45545347 ©

~

SR BT B

LR Ry 2 T ETTA S -

WiZEhE s A (Shortlisted ) RUH3K (Eliminated) » Booft AR ATHE - 428 -

BRI R (B B - BLOYATIR H A TRVl - S5 SREUR 1 2 O ABUR S BER Ry Z T -
EGCG ~ ECG ~ $FsA SRR ~ QB AA N, ~ IR - I e T IR RN & E 2 154
i - 81 EGC B MMALLZE AR (R—)  EIEMBER R LR NR ST EE
e o ABE SRS > BAERIRIN Z -

(—) BB R AR B 2 EERRE A T M AR R e R ABRRE ST

(=)

f ~ EGCG ~ ECG RAERM A E S BRZE SIVEE (p<0.05) » 73lEHE
REAE 5.17% ~ 8.18% ~ 9.94% K 8.17% > Ifif EGC RILUEKE & BRE R A EE S
(p<0.05)» B ABEEZ AR 7.00% » HAMMMLEGIACE ~ S8FRBRI S8 28 R At A1)
SARRGEMEHMEEEER (R - AZEEH EGCG BRI AR & BT
= BhEAEE (2015) 103 FFEMEHRLLES ZMEMETT - AR AR SR
SRR AR RS HEASSEANRNEE (REL% - 19795 555> 1990) »
H BRI SRR B R > AR S SO A R s 5 A A (Sanderson
etal., 1976; Ding et al., 1992 ) HEMIR EEEEAS 7 42 2 B TR T IR B E 2 45
R BV - FARCHT A SRR R IE (% 0 AHRCGRS R RS ORI -
ELEEZE PR 2 R KAV S A PR AEaD T 3% ) BURTeE » HIRR B8k m
% NEYIAR BB A $ R A -
RETEERINYEA © AR EG R TEE (p<0.001) RIMEA (p<0.001) S8
WK E S RS ERSEE 20.51% K, 14.65% (F=) - BIEIEE (2015) 103 4
FIRRLER R 2 llndE R B 2 RN & Eis— 20 HEAEIE - #HERIE R
R ER & R 25 5 A0S ME (Roberts, 1962) T {ESIIYER & & & & AT II M
"8 > Nakagawa (1970a, 1970b, 1973 ) ~ Chen (2015) Z£ AN InyER & 2 BE 5
B2 AR -
PP EL AR - AR AR R LS (p < 0.001 ) ESENAE S = B RS 18.39% -
TR AR (R2) - NEEHAFRE AR S EiS B GERE
GEmE S ERE > BE%E (2015) 103 FakER4S R Kai AT 2e i 20 [H
(Nakagawa, > 1970a ~ 1970b ; Nakagawa & Ishima, 1973 ; REi%R » 1979) » B
s HARUORE = IWCE IR G 4R - SRIFRERC AL & R PR B2 2 B e 1R » (HIFHR



145
SR SRR LB R AR B o BRI PR

STHVE ¢ HARCRH RS R AR B Al & B P S R [FI R B IEAERARY - A
WFFE AN A Rl & B A BRI K B R M2 5 » RN SR R s H AR RIS A ER U
"I ZIZEF > IR R T RISV EZ A BB A 5L
PENFRIEAS I I - R RE R MR (26 > 2016) » EARTFs e Bl & R =2
URH L BRI R K -

(M) BFEERAE>EE - AEBFREEREE (p < 0.05) S8BBECES  SHER
R 11.09% > T 57 RSS2 B (R =) - BURB FE L T 305 H iR kA -
(BRI S Bls 2 A e A -

(1) HEBHEARLEY  ZEEREBRGRE  SUFA BN - FEEEES OB E
HJ VOCs #[1 : hexanal ~ trans-3-hexen-1-ol } heptanal » 49{544 VOCs #Y 10% % 16%
A (FR) ) NR=ZREIREN E HERE RN R ETENFEZ A (M
B HIESATEERY VOCs U linalool Eil trans-linalool oxides Bl 55 742 VOCs Y 34%
Z 48% 5 ME A B FOK R E G ~ B4 - 5% VOCs AIlF B-Ocimene -
cis-3-Hexenyl hexanoate 5z Nonanal * (548 VOCs & 11% % 18%/EH ; B HH
WIARERR ~ SRR ~ SRR ~ HIREE 4 - HEHIEE Pentanal ~ octane-2,3-dione ~ B
—Myrcene J 3-Cadinene A o FHER] VOCs B[R SEAETAHBE M~ 55T - Al
EEE MR T VOCs (RIBERAIRES &y T arEfEY ks |~ T{EE/ - T ER
A K TORE R Lk SR T HEI S BT o SRR A
R MERE -

&F L HEAIEEEOR TSR R BB THROT HFE B R E 245 R - SEyREyRARY SR - $E
TSR ~ HEHTRAYRE AR K2 IR > AL SR 58 RO - EEBER T 248 Rk
VARG AR | 38 HIRTEE - HIFER RIS ER R - WAV R BORTRA SR - 24
TR A Rk 2 S BSOS ERYT © Iy LE USRS 5.32 + 1.05 BE M E i A 4.53 £ 0.58

(p<0.05) BURZEMERLEENGERE N - WA REEIORHIREERAC T - R AR
B Z By & EEARRON AT R - (R AR SR -

2 FPORBRG LR ZER R R ~ R TTED - SRR - BRI R TR
R & ELRHEE M - 2RO RICA R R e ERAR PP (E A 5 R R B & 1R ~ SR L - 4R
Z7ehy ~ IR - AEERE - BB RIE S B R RS

= BHERSR 3 SR ¢
BN S B S TESE - SIS TSRS ASE (Awarded) Z5HE 12 {6 (B ELFOHE 9
8] > SIAPAIERE 4 (8> 353t 3 (BS54R > WEU LR S B TR - LM 3 Sk
FOBLERSY Y C « RS « SR - 2 f TR RN & 8 2 IEAH » 82 0
SRR Z AN () -
() SeH R EAREZ RS EGC (p<0.05)-C (p<0.05)~ EGCG (p<
0.001) ~ ECG (p<0.05)~ CG (p<0.001) 44552 (p<0.05) FALFSHIEI 2
(p < 001) EREEEMER (FI0) > Hih BGC S RLUAEHER » C 2RI
N BB B > ECG & RAILA S B Bk % » EGCG - #5145
SRR R S RS LB RS -
(7)) B TRERIIER | FRSEMEZE TE (p<0001) RUMEA (p<0.001) &
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HEERENAR (RA) > NWYREEUAERE BREAES L TRAIUE
RagRke - AZHER - AR -

(=) BERSE  ANEEEMEEEEEER (p<0.001) SEEFEEER > RS
EEENER (RA) > AR S EUAERERRELES - BRALLE
BEEE M AZRE(p <0.01 ) UL 532 £ 105 S AFEEH 457 £ 0.58 ER 4.49
+0.60 -

(1) BEMERAS SR AEESHEERE (p <0.05) SEESEMNAR > 15
SraEliEiEn AR (RA) > BEEESEMUAGEREREIELES -

(1) HEBHEABLEY © FRHER] VOCs B [E T TRRBAME 2 B85 - AIl hexanal
B 3 BRI AEINE EARRAME (0.43, p <0.05) (FN) 5 A EE% (metallic odor)
Hy 2,2,4,6,6-pentamethylheptane B 3 ZE4R 43 A R EIEAHREE (0.44, p < 0.05)

(Henneuse-Boxus & Pacary, 2003 ) - Z & @ IURE T By T ariaykiE T ER o~

UERRE ) K TNE - ¥R Lk SR RIDL TS - R 2ok BE
EMEAEE (p<0.05)  HEBMUAZEE 3.70%EME R 11.23% 85K 9.03% (
— ) BRIREEE AR o

&F &S TR | AT B BB AR A R AR 1 R R IR A S A T - S
HEHOR ROEMEMAT - 1 B S S YRS AME RFIO R B R R EN AR E Z
SEWAFEE LB TIRIENTAMEROR - FEUE RERE RS - HILERE A NASE
B - AN AFBHA TRNE ¥ 2k F VOCs ZHEEERNMERMAFE > BURA
FHER T AT > B RBEFRMER SRR -

3 FROTRBLIRGEER R VOCs ~ [ERI5IRER ~ SRR - IR0 - J2 &7 Bk ROYRA &
BEREN - AR KR S B R E VOCs ~ (ERI R BB B g ~ SRfrbhe 5L -
ok ~ EERE - FERR VRN & B R iR L RS RE -

=~ BHEEERS R SEER

AR DATE S ~ 8% $RAS (B R ROA K IE A R K IR LB & 2 TR -

(—) BB & &5 FREBZE S 2R & 2 B R R kR & & 2 1EAER
Bl CG &EEEMHR (F—) B _BrHEEAESEHERESERm - HIUMIE
BN > MR -

(D) HEEBEAERLEY  TaelEykE | NSEEIEE PSR E St - BE
F 16.41% ~ 5% 10.10% ~ $RE% 16.22% ~ (B R 10.62% ~ /&K 10.31% (FX) 5 "L
B NS EENEE ISR E L Ak UHSE 34.95% 5:8% 48.25% $R1% 34.14% -
B 34.41% ~ ViR 44.43% ; TERES | NS EFEIHE ISR T LR
UEZE 13.45% ~ ©1% 10.95% ~ $R4% 17.70% ~ (B B 15.94% ~ 7&K 14.67% : T K& ~ 3¢
W k| SIS EHEMHRBME (047, p <0.05) NEESHIEEEEEEE S
SrAlEy ¢ ei% 6.05% ~ $RE%E 5.05% ~ BE 11.23% ~ &K 9.03% - (EFEEE RN S
VOCs - Z5 R 71l VOCs BAA [5] % 55 TS TAHRR I 2 $55 » Al hexanal B 5 {E5 55 H
TEAHRBAM: (0.51, p <0.01); %575 €& H( metallic odor )Y 2,2,4,6,6-pentamethylheptane
B 5 {EEE B MM (0.61,p<0.01) W DIHE ke E B H M E SR » Hik
VOCs HilfidiZ =2 -
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EAFIA 2 T e 3 TR A TEER ] 583 - FSE el - RIEAHRAME Z (BE2R i) > H
o FUE Bk & B SR e o80T U B IR AR BURIE 2 TR B =GR IR R R LS
e BRI ] 5) o BRI E R B K 6 T PERS A — - RSN > R IR R U IR 4k
TEYIRE ~ (LF ROFIORE R L B4R - JRB A RIR Z AER ~ e e LR E G BN
FEP > Haglh  FEREeaiE 2@ -

5 FHOPEBCRG AL &8 VOCs ~ {EFIRIE ~ BIFEMER MR EE - OHRcA R
IR s ZARARFPE VOCs ~ iR 5% 3R ~ e - BIRHE - FRLUERES & i 2 ez
HAE -

& W

HEERES R M A SEHFI SR T IR R B R LB AR L H T ISR Tl ~ SeFERY
SURER ~ (EAISIRER ~ SRR AR - BIRNE - I e TR RORAE B AT E R B AR
FIET{IE © AORFE D R AT ~ (B B RIEIRIEEL > ANER AR - SR Emg - 250 - ik
RS AR EEYra B (E RS REE  SU0E 50 REAE - 8% - i=R8% - (B R RJFRSHE
SR REERE - RN B AR L &Y S B T EURHEG EE - &7 L BIEREE TR AT R
FRIFFRR T RSH R - H R UEA R 2 52 BB BRSNS B
JFlE R EAVE SRS 2 THE - HEREERE -

SH R
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Investigation of Correlation between the Ranking of
Bi-Luo-Chun Contest Tea in Sanxia and the
Components in Tea Liquor

Chih-Chun Kuo Hsuan-Han Huang  Meei-Ju Yang!
Summary

Bi-Luo-Chun is a unique green tea in Sanxia District, New Taipei City. The contests are held in
spring and winter every year. The ranking of contest tea are evaluated by the appearance, liquor color,
aroma and taste and infused tea leaves. There are six categories of contest teas, including special award,
first prize, golden award, silver award, merit award and the eliminated teas. The aroma and taste of
sensory evaluation are closely related to the components of the tea. Therefore, we collected 25 tea
samples of the different grades from the spring tea contest in 2019. We analyzed the chemical components
and the volatile organic compounds. The results show that total reducing sugars and specific volatile
organic compounds could be used as the basis for estimating the five grades. If we only classified the tea
sample into two grades which are shortlisted and eliminated. Then the total polyphenols, total free amino
acids, total reducing sugars, gallic acid, caffeine and catechins could be used as the basis for judgment.

Key words: Sensory evaluation, Quality, Green tea

1. Assistant Researcher, Assistant Researcher, Associate Agronomist, Tea Research and Extension Station,

Taoyuan, Taiwan, R.O.C.
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Table 1 The correlation between chemical components in tea infusion and the evaluation grades of
Bi-Luo-Chun contest tea

Compounds / Classification® 2 grades 3 grades 5 grades
PP® 0.26*°¢ ns ns

GC ns ns ns

EGC -0.29* ns ns

C ns 0.27* ns

EC ns ns ns
EGCG 0.29* ns ns
GCG ns ns ns

ECG 0.23* ns ns

CG ns -0.31** -0.36**
TC ns ns ns

TNC ns ns ns

TGC 0.28* ns ns

FAA 0.48* 0.29* ns
Theanine ns ns ns

RS 0.28* 0.34** 0.39%**
SS ns ns ns
Gallic acid 0.52%** 0.27* ns
caffeine 0.51%** 0.29* 0.27*
PP/FAA -0.37#%* -0.25% ns

a. 2 grades: the tea divided into eliminated and awarded tea (which includes the first prize, gold award, silver
award and merit award); 3 grades: the tea divided into eliminated, merit award and awarded tea (which includes
the first prize, gold award and silver award); 5 grades: the tea divided into eliminated, merit award, silver award,
gold award and first prize.

b. PP, total polyphenols; GC, gallocatechin; EGC, epi-gallocatechin; C, catechin; EC, epi-catechin; EGCG,
epi-gallocatechin gallate; GCG, gallocatechin gallate; ECG, epi-catehin gallate; CG, catehin gallate, TC, total
catechins; TNC, total nongallate-type catechins; TGC, total gallate-type catechins; FAA, total free amino acids;
RS, total reducing sugars; SS, total soluble solids.

c. *represents p < 0.05; ** represents p < 0.01, *** represents p < 0.001; ns, non-significant.
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Table 2 The contents of total polyphenols and catechins of Bi-Luo-Chun contest tea which are shortlisted
or eliminated by 2 grades classification (Unit: mg/g)

Compounds / Evaluation grade® Shortlisted Eliminated
PPP 154+ 11 a 146 + 16
GC 6.54+ 060 a 6.77 £ 0.65
EGC 3029+ 262 b 32.57+1.82
C 1.70+£ 043 a 1.46 £0.27
EC 691+ 0.60 a 7.04 +£0.78
EGCG 67.10+ 5.78 a 61.61 £9.09
GCG 621+0.82 a 584+1.11
ECG 10.06 = 1.56 a 9.06 = 1.59
CG 0.55+0.09 a 0.55 +0.09
TC 12937+ 7.89 a 125+ 14
TNC 4544+ 327 a 47.83 +£3.02
TGC 83.92+7.69 a 77 £ 12

a. Shortlisted tea includes the first prize, gold award, silver award and merit award.

b. PP, total polyphenols; GC: gallocatechin; EGC: epi-gallocatechin; C: catechine; EC: epi-catechin;
EGCG: epi-gallocatechin gallate; GCG: gallocatechin gallate; ECG: epi-catechin gallate; CG:

catechin gallate; TC, total catechins; TNC, total nongallate-type catechins; TGC, total

gallate-type catechins

c. Mean values in a column followed by the same letter did not significantly different at Fisher’s Least

Significant Difference tests at the 5% level.
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Table 3 The contents of amino acids, reducing sugars, soluble solids, gallic acid and caffeine of
Bi-Luo-Chun contest tea which are shortlisted and eliminated by 2 grades classification
(Unit of FAA, Theanine, RS, Gallic acid, Caffeine: mg/g ; Unit of SS: %)

Compounds / Evaluation grade® Shortlisted Eliminated

FAA® 3450¢+ 383 a 28.15+440 b
Theanine 7.86£0.71 a 828+0.80 a
RS 28.62+3.94 a 2545+399 b
SS 39.48% +1.95 a 38.55%+1.29 a
Gallic acid 1.01£0.12 a 0.81+£0.13 b
Caffeine 3285+ 281 a 28.03+3.05 b

a. Shortlisted tea includes the first prize, gold award, silver award and merit award.
FAA, total free amino acids; RS, total reducing sugars; SS, total soluble solids.
Mean values in a column followed by the same letter did not significantly different at Fisher’s Least
Significant Difference tests at the 5% level.
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Table 4 The contents of total polyphenols and catechins of Bi-Luo-Chun contest tea with different grades
by 3 grades classification (Unit: mg/g)

Compounds / Evaluation grade® Awarded Merit award Eliminated

PP® 152.92¢+8.34a 156+14 a 146+ 16 a
GC 6.53+0.52a 6.55£0.72 a 6.77£0.65 a
EGC 30.26+3.12b 3032194 b 3257+ 1.82 a
C 1.86+0.47a 1.54+0.26 b 146+ 027 b
EC 6.88+0.63a 6.95+0.60 a 7.04+0.78 a
EGCG 64.86+£4.45b 69.34+6.62 a 61.61+9.09 b
GCG 6.05+0.62a 638+1.02 a 584+ 1.11 a
ECG 9.65+1.16ab 1047+£1.98 a 9.06£1.59 b
CG 0.51£0.05b 0.60£0.11 a 0.55+0.09 ab
TC 126.59+5.37b 132.15+£9.96 a 125+14 b
TNC 45.53+3.86a 45.36+2.46 a 47.83+£3.02 a
TGC 81.06+5.40b 86.79+9.35 a 7712 b

Awarded tea includes the first prize, gold award and silver award.

b. PP, total polyphenols; GC: gallocatechin; EGC: epi-gallocatechin; C: catechine; EC: epi-catechin; EGCG:
epi-gallocatechin gallate; GCG: gallocatechin gallate; ECG: epi-catechin gallate; CG: catechin gallate; TC, total
catechins; TNC, total nongallate-type catechins; TGC, total gallate-type catechins

Cc. Mean values in a column followed by the same letter(s) did not significantly different at Fisher’s Least

Significant Difference tests at the 5% level.
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Table 5 The contents of amino acids, reducing sugars, soluble solids, gallic acid and caffeine of
Bi-Luo-Chun contest tea with different grades by 3 grades classification (Unit of FAA, Theanine,
RS, Gallic acid, Caffeine: mg/g ; Unit of SS: %)

Compounds / Evaluation grade* = Awarded Merit award Eliminated

FAA® 33.86°+ 380 a 3513+ 394 a 28.15+ 4.40
Theanine 804+ 074 a 7.68+ 070 a 8.28 + 0.80
RS 2962+ 305 a 27.62+ 4.84 ab 2545+ 3.99
SS 39.14%+ 1.68 a  3981%+ 234 a 38.55%+ 1.29
Gallic acid 099+ 0.10 b 1.04+ 0.13 a 081+ 0.13
Caffeine 3223+ 253 a 3347+ 3112 a 28.03 + 3.05

Awards tea includes the first prize, gold award and silver award.
FAA, total free amino acids; RS, total reducing sugars; SS, total soluble solids.
c.  Mean values in a column followed by the same letter(s) did not significantly different at Fisher’s Least

Significant Difference tests at the 5% level.
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tea liquror and the evaluation grades of Bi-Luo-Chun contest tea
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\]

O

AR AR AR @it 2B E 2% (liquid chromatography-mass spectrometry, LC-MS/MS) gf¥f
GRS~ BLMEAS AL =M A [F) 85 B AR S AN TE /K28 - DARIGHE 35 35 i@ (collision-induced
dissociation, CID) FZflr#E{ TR /53 > oJ{EHIEE & H46fE DL _FAHE 57 » ZEEEAS ST i 4l iy 3

HAKNEEES > ARZEEEETE S FEERR  FERRER TS AR LSRERE
(Theasinensins) » H SHEFE 2 A ATIE—4R I IE  BEY1 - BESFR G E " HS (catechin dimers) 17

sk o (BEE SRR AR - B AR S EEE 2 - ARARACTE— P ER
Z B ER R TS 2 S T -
BRSRY « BN Ot TN BB R R - RS SRR - 860 - HORER RS - RHERE

SEHE - SR
Al B

FZEdt ik ~ FIMAEE 2 B PUEES G B A BEEE RN TTE &2
LAl - = M e > BB AR EIRR R SRR T » A5 E MR s B Y R P
8 R AR S EYEE SR AR IS - RN TR REARTEHRERET
KAl Z (PPO) K& bEEZE (POD) fE(LT @ A EHNIE » KA LB SR SERE
ZFEY) > PINALA IR EE ~ 5408  MSHERE (Theasinensins) 7] LAEREE SHEAR < FHEUK
43 (Sangetal., 2011) - Dai et al. (2017) EEie A [EIZEFEAE A EE 2 Bor 4R  S8FNFE AR R T By
RSB Z R ST - AR ARALRELR S  » R REPU BN E e 28 A2 EaYiE
1E o BEAD > BEARFTA ST B T i HIE 82 /ERE (Ellagic acid) » (HR4IZEh > S B » His
PREERR M = 2 T AHEY) » SEREZIEE (Flavonol glycosides) HHANM} Rz 2 K LU= 2 FOE L
Y& TREREAEEmE L 'S > MiyEA - GCG kX ECG A7 22315 (Wu et al,

2012) - (B ASREII SR T T B Gl (Fraser etal., 2014) » SRIUREESEEATIG M 2 B
MR - HMHORBMES > NARGERREE 2 Tt g H N B EYERE P -

ot AR ZELUR— PR E NI LA [F SRR 3 Rl A PR fa i SR Tt Sl R 1
REBUKERWTEN P2 > SIS LR R SR & 2 o8 E - DIFITRE SRR 5%
BN REESREECPE  TEIEMNESREIRNE R E R ERHR 2 E 5T -

I TEEEZEE RN RS B EHGRE - 28 PkEH -

2. THEEZEG RN RS BE - 28 HhER -

3. THREEE R GREN RS BHEER - BERE - 28 HER -
4. ENIEEREESERESE A B - 28 210 -
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MRIERTT A

— BRI

1106 4 5 B LUMBMRERICA 20 B0 (IG5 B T OO o » DI - ufise
FALFBED  SUESTRBRRE AN OFE FREE (0 MAREE () 23BE @
%) BT
(—) 1R G CRHBER » 8420 1 F 103>~ -
(=) Rk P GREE - BB

FH - HNE (30 595 —~RNER - (1020 5350 BUFE 3 X103 FRa iR
() 8% B (LB 4%

I (12~24/NE) —HER 2 /N> H I 5 2 /N0 -

=~ (LS AT

(—) BhgEestm

1A G E  Sigma/Aldrich (USA)ZAE] A | Gallic acid (MW: 170) ~ (-)-Catechin (C, MW: 290.2)
(-)-Epigallocatechin (EC, MW: 290.2) ~ (-)-Gallocatechin (GC, MW: 306.3) ~ (-)-Epigallocatechin (EGC,
MW: 306.3) ~ (-)-Catechin gallate (CG, MW: 442.4) - (-)-Epicatechin gallate (ECG, MW: 442 4) -
(-)-Gallocatechin gallate (GCG, MW: 458.4) ~ (-)-Epigallocatechin gallate (EGCG, MW: 458.4) ~
Theaflavin (TF, MW: 564.5) ~ Theaflavin 3-gallate (TF3G, MW: 716.6) ~ Theaflavin 3’-gallate (TF3°G,
MW: 716.6) ~ Theaflavin 3,3’-digallate (TFDG, MW: 868.7) ~ Caffeine (MW: 194.1) ©

2. JEfr{sE F 2 A e By HPLC 4R &5 - BFEHE (98-100%, Merck) ~ KZHIEE (= 99.9%, Spectaum) -

() BRI
1A A

GETEE - F4EZE (C~EC~ GC -~ EGC -~ CG ~ ECG ~ GCG ~ EGCQG) ~ BFELE (TSA -~ TSB ~
TSC) k&8 (TF ~ TF3G ~ TF3’G ~ TFDG) MDA — R EFEF7KECE FfE 1 mgmL! {R{F
A-40°CUKFE - FRLAZREHET7KH78E 100 % (0.01 mgmL™") A -
2 ZFBEECHL

RZ A TERR SR RO TRAEIR-20°C < FEFE 0100 0.010 g ZEEM AR » DL 8 mL —REHET7KK
90°CHZBREZFEHT 20 min > A 4CHFE 5 min FESAI% » FFLL 1500 rpm #fe 0y 1 min (RH IR » &
0.45 um JERH (Syringe filter PVDF » Uniregion bio-tech) #&JE » DL R EBE T /KGR (518 1% -

() ol
1. LC @it

EERRPTE A Z ot es Rt VB (Agilent 6410B) - FREHEC Z SR H T8
(Agilent, 1200series) L C18 &&#F¥ (Agilent, Poroshell 120 EC-C18 > 2.7um, 4.6 x 150 mm) {74747
[ AR 24 (Gerstal, Auto sampler) 1L 200 pLmin™! 2 SR 10 oL FEatHERE - EHOR S
TREFFA 40 °C > Post time 5% 7E £ 2 min > JEAT 3 HTA2EIAHLL 0.4 mL-min' RS TRGToiE - 55—
BB (A) BT HEBETKE 0.1% (vv) Hl% (formic acid) ; 55 FSEIE (B) % 100%HHE -
Moo ARSI SE & E O min £ 2 min- 2L A*B=95:5 CEGIGMEE LS AB=80:20- 8% H 2 min
F 8 min 4% A:B =80:20 - [i{% 8 min & 12 min HIGELIFEEE(LZE A:B=40:60 > [ 12 min |



SRR T e S A B S e R LB SR T > Bl O

15 min 4E3%F A:B =40: 60> F{¢ 15 min f48 4 19 min DIEEES(EE A:B=5:95>E 19 min £] 24 min
43 A:B=5:95 FfL 24 min fA4EZE 27 min DIFEESEM LR A:B =5:95> 44 3min 2 30 min 453§ -

(UY) B

REBFTEH B A EE R L = RO S 58 #  (ESI-QQQ) @ EREERET-={ (ES)
BT - BRRSEEUENT:

FANEEEER (capillary voltage) @ 3500 V ; BZEERA A (gas temperature) © 350 C ; EZlpRAS
Jiak (gas flow) : 11 L'min!' ; Z{LEREELT] (nebulizer) : 50 psi s JUZREEEE (cell accelerator voltage) :
TV 5 BEHFRIEER (scan time) @ 500 ms ; ‘B R EE (mass scan range, m/z) @ 130 — 2000 m/z -

(Tr) Eebortrie sl &l

AHHFE#ER MassHunter Qualitative Analysis (Agilent software) ¥EFE 50T 1A RGBS #TT
Bobgd o MG EEREREAEN TR ¢
Massbank (https://massbank.eu/MassBank/index.html) ~ NIST Chemistry WebBook
(https://webbook.nist.gov/chemistry/) ~ ReSpect (http://spectra.psc.riken.jp/menta.cgi/respect/index) Z£LL

BE R IERVK IR -

& R

— ~ DL LC-MS 73 MR [El 38 TR A BE4H

ZRE—EASERASM AEY) » EairZatEyrE » IR RZ URIR AT E
PR R R BE BB RO IR 2 ZE SR TRRHL  MARFEEC LC (75017 (Umehara et al., 2017) - HE]
FREEAR TR L TR S T B TR BRI » HIL » AT L UV Bk — imske
HIMECHIZS (diode array detector, DAD) » 55 7 = B A Y alimmi = T 00 « 2RI > RIS T-4HRGE
Fi o SRS DIREEEDR & (200-300 nm) 2 Sk DLISE B & oy - By TR D>
EILERERE » JTAES5 D) LC-MS 7 GC-MS ¥ 5588174347 (Sherma, 2003) - Wu et al. (2012) EILL C18
EHHEEC LC-MS/MS » G EiE B AR M 2 N BB T T2 BT 24 FERREER
SER BERERE - SN EIREE T - RIS YN o SR BETT T e R
‘Ertget o MW HIE R R I AR FESSE T 2 B . S B8 L (Wu et al,
2012) » AHZELAHEEZSE RN TGRS ~ EFESS ~ 455 =N E SRS B KEE YT
Gy B B b iR B S R L S YA B LR b 25 DI B BB (T T =N 0] - IR » F1JFH LC-MS
BB T2 (full-scan) - ST DL E =K EY) 2 2UTRAGEST » DEE AT fE—
R TR AR EE 2 528 o [B]— JadkAs - EFERS ALAS 2 B T-@hT BPC (Base peak chromatogram)
 ATHRZIE (peak) T3 SR IA B H =R RS A AR IE -

HRFFZ KM BB AR R AN E 2 oy T R B SR 00 R S N ]
3 T4ERE o RIIL  ABHZEE—P A LC-MS/MS BB Rl > 88 R e B T Thib a5 55
#f (collision-induced dissociation, CID) » FHJA R [E] 7745 AT 38 42 2 =R [E - FMIFHE ZE
SEE (MS?) RRFRTEE TR R S EL B R EL e H AL i 456 -

AWFFE 2 ST SRS By DAFS R 3 M 2 2 O I R (e i ] o e T Rl Bk sE > it S s T8
BRG] - RHESLPTHEE 2 g — i I& S/N LL (signal to noise ratio) B AN 3 0 MRFRHEEETHETT
CID hiff# - FFLARESETETEEL ~ B T i R S4B & e (Database) ~ FEAE S DL
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FOURRRERE - mTREE T ERSR 2 SRR WD HEMIEASE: 7 - FY CID REAE B A [E A gERZ 2 MS/MS
RS - AL > PR A 2 AR R > DI RE L P B 15 DR EEEY 20 Y%oaflgfsafs > siE
BHEI B TR R ZREERE R T -

SRR TR E 2 SRR —  — =R EAWEREE L 40 P E(EEY) - 86
Iy Rzl rp ] RS B2 A& Y2 SRR 52 (HIA R E BT » TS O 2 B LA
T779% - Ntk » N8B E I - 458N R PRrasE & v IS SR E i1 s
AR EAE B R L P HUS RS E 4SS © 4k2k (R—) FIRARE T HNER - =ishE
H4HRC 0 BR T CG LAY SRR B ml sk R - KEIAL R (R=) » HAZREER/ D LSN » Bl
MEEL R AS 7 B e SRR B P e S 2 o T/ (HABR I Sk N T S RE R E 2 ek 2
ISR - HIL AT RIS BIAL A S & B R 2 o4 - BlESE (R 2 TR EE
TORIE 2 - BaER 2 SHREAE T - Al A 4R Z R Rk

Bl A S ECERS MY R IS EE - (B —RE RS RS (a5
BB R LR SR T S LA YEA . A s E th R R o ] DU R 45 R R DA el
= EEE B AR > 41 G21 (RT=18.45 min) 1 m/z 609 4% CID Hiif# 1% nl 15 m/z 301 2 T8 » B HEH]
FotfitE7 2 (Quercetin, MW = 302) Z FiCkERS » HRECHEEE S 1 B 220580 - BRZELIBHITHH
W R oy B AF R BHENEE E (3R « INABHIE Z A RG> 49 10 TS EREE £ K s imiE o e
41 Quercetin-3-O-rutinoside ~ Kaempferol-3-D-galactoside DLz fr3%2% (Apigenin) GG
(Myricetin) ZEEALEY)E -

T BRI TR EE R SR Bk

HFR— -~ =~ SR SRS AR RN - B TR E(L > BT EN
BRIDAGN - ARHFEINMEE B A M EEL - BN LC-MS S FVE & (matrix effect, ME) Kz
TALRER L H BHERRAE O IS 2 R EM L&Y 23688 57 2 5288 » IRIIE - DUREIE] S $4he Bl
EiTth 2 B e RS E E AARE E EILEERE > v m R RN s 288 -

AWFCE S T =FEASEE AT 10 58 2 BRI E B EE AR MER oy bl » 2R 1
Z FEBMAEL TR MIEERET - 45 SR TR - AHE PR IS BT E & (EM -
A~ N SRR B AR S TR 2 BB M R T AR 2 B i TR R S A
RZ 725 - fhAh - TSR ek R EMEAOKEE Wb T E AR AR R K AR AT BT
SRS B e 2 o7 T8 By EGC » FEZ3BEAE 0 > Z%5% (Quinic acid, m/z 191) Z ¥ & ELLAI
BE 0 > EERR TALZS P B R 5 F - EGCG dimer fy%k 4Bl s > LA IARE 2 5l
FoF o PRI > G2 2 S Rt » BEEL S AT 10 5857 B HFR AR Bl A S h AR e S B oy
A H A8 RHEA TSC B2 TSB -

DA 455 ] DUBRRS AT R st M BB Ry A =R WARE R E N =i S
Y~ EHEIE DUR S IEBEAEE

2.1 EelEE GUREM) RHEEAY)

SRR SR RS Z BT R B bAE =R > = RSRER IR CG ZERsE B
CG Fha] ko R th 3B HAt 7 T RU5ARER > W ARG h i SR R 2 BTl
SRR AL S B R R 0oy 380 < AR rp SR R B TR o R B SR B - &L rprT
{ECHIE 2 SEAS BRI EA N & /) > GC F GCG WRPELZE 38  (EIFEREIVE - GCG #E:H
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SRR PR - SRS H A ST R DN EISE - B SR R AT
1D gt -

BT LIS - RE SRS TR SRE (TS) RISHE (TF) R -
LT HAE R L A B ULEE 7 TS - TS K BLHBRRAL b - HELR TSC IR SRR
AR » FRAIE » BLRLAL TS RTF - TSH (TSB 2 Sti) ZIALR ML - SO TR
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BE - EERAESRESTRAL BB EIY RGeS -

2.2 SIS £

S L S IR AP 4Y 12% » THALAEAG T 18% » RFRATZEAAR Sy
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wEFREERE LR LS GA ZFE{E1T4EY) (Fiuza etal., 2004) LA AT GA Ry B B SE4H AL
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B2 G > PRI i Hoal s o e PR SRR Ry m] 24 A (5] 85 B AR 2 R A Pl sE AR E
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ifi m/z 915 & EGCG — B 8E(L&4) -
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FERGEL BN 2 BER (R ER EGCG » R HA R S R E R VA HEAR - B
BRI A EL Y B R R RS B SRS U B A A R LR - 40 G15 Rz B12 ot
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Deconstructing Tea Composition Characteristics by
Liquid Chromatography Mass Spectrometry and
Discussing Its Correlation with Fermentation Reaction

Meei-Ju Yang! Chih-Yu Chang? Chih-Chun Kuo® Hsuan-Han Huang?
Iou-Zen Chen*

Summary

Forty-six compounds were characterized for three different fermentation-degree teas (green tea,
paochung tea and black tea) by analytical liquid chromatograph tandem mass spectrometer with
collision-induced dissociation (CID). It showed that variation of compositions after tea fermentation.
Catechins and flavonol aglycones were significantly decreased followed by formation of organic acids,
theasinensins and theaflavins. In addition, a lot amount of catechin dimers were detected in green tea, and
decreasing when proceed further fermentation. The technology can be further applied to the establishment
of quality control technology and processing process reference indicators in the future.

Key words: TTES No.17, Liquid chromatography mass spectrometry (LC-MS/MS),
Collision-induced dissociation (CID), Fermentation, Catechin dimers, Theasinensins,

Theaflavins, Flavonols, Organic acid
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Fo— » BORUHRSY LC-MS/MS SESER
Table | Identification of compounds in green tea water extract by LC-MS/MS

peakno. RT m/z[M-H] production (m/z) CE (ev) Identification of tea metabolites
Gl 3.58 409,317 409>97 20 -
3.65 347 347>311,179.2 20 -
G2 4 191,533 533>191 23 Quinic acid+galloyl quinic acid
191>127,111,87,59 20 Quinic acid
G3 42 341,683 341>113,89,59 18 caffeoyl-glucose
683>341 22 -
G4 53 173 173>155,84 20 Aconitic acid
G5 7.6 331 331>211,123,125,169,124,59 20 Galloyl-glucose
Go6 81 609 609>423,305,125,177 25 -
G7 8.4 687,343,191 343>191 20 Galloyl quinic acid
G8 687>343,191 23 Galloyl quinic acid dimer
8.6 411 411>241,169,97,331,125 23 -
G9 331 331>168,125 21 Galloyl-glucose isomer
89 609 609>305,423,177,125 25 -
G10 9.3 611,305 611>305,125,179,261 25 GC dimer
Gll1 305>125,167,219 20 Gallocatechin (GC)
10.1 761,593 761>609,423,305,177,243,125 25 TSH
Gl12 593>305,177,289,125 20 GC+C conjugate
10.3 716 - - -
G13 10.8 577 577>407,289,125,425,273 20 C dimer
Gl4 12.7 577 577>289 20 EC dimer
G15 13.4 611,305 305>219,125,165 20 EGC
611>305,211,125 20 EGC dimer
Gl16 144 289 289>245,227,203,151,123 16 catechin (C)
G17 14.7 745 - - -
GI18 149 337 337>119,163,191 22 4-O-coumaroylquinic acid

G19 15.2 577,453 - - -

G20 15.8 729 - - -

G21 16 915,457 915>169,457,305,125 25 EGCG dimer

457>169,305,125 23 epigallocatechin-3-gallate (EGCQ)
G22 16.5 457,915 915>169,457,305,125 30 GCG dimer

457>169,305,125 23 gallocatechin-3-gallate (GCG)

G23 16.6 289 289>245,221,109,151 18 epicatechin (EC)
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43— (Table 1 Continued)

G24 17 337,173 337>173,191,119,93 22 5-O-coumaroylquinic acid
173>93 20 -
G25 17.2 883,441 883>169,289,441,331 30 ECG dimer
441>169,289,331 23 Epicatechin-3-gallate (ECG)
G26 17.4 367 367>259,287,125,177 20 -
563 563>443,383,472 25 Apigenin 6-glucoside 8-arabinoside
G27 17.9 479,625 479>316,271,179 22 Myricetin-glycoside
625>316 27 -
G28 181 771 7715301271 55 quercetin—3—O-.glucosyl—pentoside
-7-O-glucuronide
597 597>357,387,477,417 25 -
G29 18.45 609 609>301 25 Quercetin-3-O-rutinoside
G30 18.5 463 463>300,271,151 22 Quercetin-3-O-glucoside
kaempferol-3-O-galactosyl-rhamnosy
G31 18.8 755 755>285 22 1
-glucoside
G32 19.1 447,515 447>284,255,327 22 Kaempferol-3-O-galactoside
515>447,255,227 24 -
G33 19.4 447,515 447>284,255,227,327,151 22 Kaempferol-3-O-glucoside
515>284 24 -
G34 20 539 539>301,145,179 25 Quercetin-glycoside
509 509>161,331,101 25 -
G35 21.2 531 531>285,145 25 Kaempferol-glycoside
G36 23.5 493,447 493>89,119,59,447 23 -
447>89,59 23 -

it Ry (RE B R ERESORAIY)
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Table 2 Identification of compounds in paochung tea water extract by LC-MS/MS

peak no. RT m/z product ion (m/z) cE Identification of tea metabolites
[M-H] (ev)
P1 3.58 409,317 409>97 15 -
3.65 347 347>311,179.2 15 -

P2 4 191,533  533>191 23 Quinic acid+galloyl quinic acid
191>127,111,87,59 20 Quinic acid

P3 42 341,683  341>113,89,59 18 caffeoyl-glucose
683>341 22 -

P4 53 173 173>155,84 20 Aconitic acid

P5 6.2 405,191 - - -

P6 6.9 609 609>471,303 21 TSC

P7 7.6 331 331>211,123,125,169,124,59 20 galloylglucose

P8 8.1 609 609>423,305,125,177 25 -

P9 8.4 687,343  343>191 20 Galloyl quinic acid
687>343,191 23 Galloyl quinic acid dimer

P10 8.6 411 411>241,169,97,331,125 23 -

P11 8.9 609 609>305,423,177,125 25 -

P12 9.3 611,305 611>305,125,179,261 25 GC dimer
305>125,167,219 20 GC

P13 10.1 761,593 761>609,423,305,177,243,125 25 TSB
593>305,177,289,125 20 GC+C conjugate

P14 10.5 761,593 761>609,305 25 TSH
593>305 20 -

P15 12.7 577 577>289 20 EC dimer

P16 134 611,305 305>287,219,125,165 20 EGC
611>305,261,219,125 21 EGC dimer

P17 144 289 289>245,227,203,151,123,109 16 catechin (C)

P18 147 745 - - -

P19 149 337 337>119,163,191 22 4-O-coumaroylquinic acid

P20 152 577 - - -
P21 15.8 729 - - -

P22 16 915,457 915>169,457,305,125 25 EGCG dimer

457>169,305,125 23 epigallocatechin-3-gallate (EGCQ)
P23 16.5 457,915 915>169,457,305,125 30 GCG dimer

457>169,305,125 23 gallocatechin-3-gallate (GCG)

P24 16.6 289 289>109,245,151,187 18 epicatechin (EC)
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P25 17 337,173  337>173,191,119,93

173>93
P26 172 883,441 883>169,289,441,331
441>169,289,331
P27 174 367 367>259,287,125,177
563 563>443,383,472
P28 17.9 479,625 479>316,271,179
625>316
P29 181 771 771>301,271
597 597>357,387,477,417
P30 1845 609 609>301
P31 185 463 463>300,271,151
P32 188 755 755>285
P33 19.1 447 447>284,255,327
P34 1924 593 -
P35 194 447 447>284,255,227,327,151
P36 20 539 539>301,145,179
P37 212 531 531>285,145

P38 23.5 493,447 493>89,119,59,447

22
20
30
23
20
25
22
27

25

25
25
22

25

22

22
25
25
23

5-O-coumaroylquinic acid

CG dimer

CG

Apigenin 6-glucoside 8-arabinoside
Myricetin-glycosides
quercetin-3-O-glucosyl-pentoside
-7-O-glucuronide
Quercetin-3-O-rutinoside
Quercetin-3-O-glucoside
kaempferol-3-O-galactosyl-rhamnos
yl-glucoside
Kaempferol-3-O-galactoside
Kaempferol-3-O-glucoside
Quercetin-glycosides

Kaempferol-glycoside

k- R E B R E R EOR A
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Table 3 Identification of compounds in black tea water extract by LC-MS/MS

peak m/z ) CE ) ) .
RT product ion (m/z) Identification of tea metabolites
no. [M-H] (ev)
Bl 3.58 409,347 409>97 15 -
B2 4 191, 533 533>191 20 Quinic acid+galloyl quinic acid
191>173,127,85,71 20 Quinic acid
B3 4.2 341,683 341>113,89,59 18  Cafteoyl-glucose
683>341 20 -
B4 5.3 173 173>155,128,84 12 Aconitic acid
BS 6.9 609 609>471,523,303,167 21  Theasinensin C (TSC)
B6 8.4 125,169 125>97,79,51 18  Pyrogallol
169>125,79 20  Gallic acid
343,687 343>191 22 Galloyl quinic acid
687>343,191 23 Galloyl quinic acid dimer
B7 8.5 411 411>241,169,97,331 22 -
B8 93 761 761>609,591,465,453,5 22 Theasinensin B (TSB)
47,297
B9 10 759 759>741,607,427,331,1 20  Prodelphinidin A-2 3'-gallate
69,589
B10 114 456,913 456>169,304,125,137 20 -
913>743,591,573,447 Theasinensin A (TSA)
BI1 135 305,611 305>219,125,165 20  Epigallocatechin (EGC)
611>305,221,125 EGC dimer
B12 144 289 289>245,227,203,151 16  Catechin (C)
B13 14.6 427 427<289,203,261,165 20 -
B14 149 337 337<191,119,163 15  4-O-coumaroylquinic acid
B15 153 349 349>169,125 18 -
577 577>289,407,425,125 18  C dimer
Bl16 16 457,915 457>305,169,125 20  epigallocatechin-3-gallate (EGCG)
915>457,305,169,125 25  EGCG dimer
B17 165 501 501>349,193,125 22 -
BIS  16.5 581 581>239,299,371,209,4 0 .
31
349 349>197,169,137,125 20 -
B19 16.64 289 289>245,227,203,151 18  epicatechin (EC)

B20 17 337 337>191,173,119,67 18  5-O-coumaroylquinic acid
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B21 172 441,883 441>273,147, 20  epicatechin gallate (ECG)
883>163 23 ECG dimer
B20 17.45 367 367>259,287,201,125 18 -
563 563>473,443,383 20  Apigenin 6-glucoside 8-arabinoside
B21 17.83 479,625 479>316,259,179 23 Myricetin-O-galactoside
B2 182 71 771301 25 Que.:rcetin—3—o-glycosyl—rhamonsyl-glu
coside
B23 18.45 609 609>300,151 20  Quercetin-3-O-glucoside
B24 18.5 463 463>300,151 20  Quercetin-3-O-rutinoside
kaempferol-3-O-galactosyl-rhamnosyl
B25 18.8 755 755>285 22 )
-glucoside
B26 19.1 447 447>284,157 20  kaempferol-3-O-glucoside
B27 19.2 593 - 22 kaempferol 3-O-rutinoside
B28 19.78 867 - 23 Theaflavin3,3’-digallate
B29 19.9 715 715>545,459,363,281,1 22 Theaflavin-3-O-gallate
25,419
B30 199 539 539>301,409,225,145 22  Quercetin-glycosides
B31 20.13 563 563>241,137,353,407 20  Theaflavin
715 715>407,563,241,137 22  Theaflavin-3'-O-gallate
B32 21.23 531 531>285,145 20  Kaempferol-glycoside
fh- R REE TR ERECREY)

FDU ~ &RIHT 10 SRS TERET LY

Table 4 The top 10 abundance ion signals and its corresponding compound in green tea

[M-HJ Intensity Compound
m/z 305 217,417+2,177.4 EGC

m/z 289 159,604+1,257.4 EC

m/z 191 147,7911642.5 Quinic acid
m/z 305 142,05611,546.6 GC

m/z 915 141,130+1,042.4 EGCG dimer
m/z 457 118,557£1,967.8 GCG

m/z 611 111,4631431.6 EGC dimer
m/z 883 71,950+881.8 ECG dimer
m/z 441 58,293%1,710.2 ECG

m/z 289 55,4781426.2 C

*Intensity is shown as mean = SD of triplicate measurement.
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Table 5 The top 10 abundance ion signals and its corresponding compound in paochung tea

175

[M-HJ Intensity Compound
m/z 305 204,897+1,232.7 EGC

m/z 289 145,707+2,112.3 EC

m/z 915 130,213%3,893.5 EGCG dimer
m/z 191 130,147+1,687.1 Quinic acid
m/z 305 119,6441719.8 GC

m/z 457 103,630+1,618.9 GCG

m/z 611 98,984+1,973.6 EGC dimer
m/z 883 60,3531768.0 ECG dimer
m/z 441 55,4491978.2 ECG

m/z 457 53,473+1,592.6 GCG

*Intensity is shown as mean = SD of triplicate measurement.

TN~ RLZRAT 10 58S EHE TRy R Bk s E B TS

Table 6 The top 10 abundance ion signals, its corresponding compound and theaflavins’

abundance ion signals in black tea

[M-H] Intensity Compound

m/z 191 141,168+1,106.3 Quinic acid

m/z 337 45,784+517.7 p-O-Coumaroylquinic acid
m/z 305 44,4681913.9 EGC

m/z 169 43,6201+684.1 Gallic acid

m/z 501 42,408+1,338.9 Unknown

m/z 609 41,558+1,074.9 TSC

m/z 761 35,160+355.7 TSB

m/z 457 35,114%1,456.9 EGCG

m/z 125 33,270£370.5 pyrogallol

m/z 755 32,9761749.9 keampferol-G-conjugated
m/z 715 11,3501613.1 Theaflavin-3-O-gallate
m/z 563 9,6891423.6 Theaflavin

m/z 715 4,5621362.6 Theaflavin-3'-O-gallate
m/z 867 4,4991+250.9 Theaflavin-3,3’-digallate

*Intensity is shown as mean + SD of triplicate measurement.
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Fig. 1. Base peak chromatogram of tea water extracts. (A) Green tea (B) Paochung tea (C) Black tea
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Fig. 2. Composition ratio of main ion signals of the three different fermentation-degree teas
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Fig. 3. Comparison of catechin intensity of TTES No.17 tea with different fermentation degree
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Fig. 4. Comparison of Theasinensin intensity of TTES No.17 tea with different fermentation degree
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Fig. 5. Intensity of theaflavins in TTES No.17 black tea
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Fig. 6. Comparison of catechin dimer intensity of TTES No.17 tea with different fermentation degree
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Fig. 7. Comparison of Flavonol-Glycosides intensity of TTES No.17 tea with different fermentation
degree

*(Each Flavonol-glycosides ) / (Total Flavonol-glycosides)

**Total flavonol = (Total Flavonol-glycosides of each tea) / (Sum of total Flavonol-glycosides of 3 teas)
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Fig. 8. LC-MS/MS analysis of GA at m/z 169 and Pyrogallol at m/z 125 in negative mode
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Fig. 9. LC-MS/MS analysis of tea extract EGCG dimer and monomer at m/z 915 and 457 in

negative mode
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Fig. 10. Mass spectra of EGCG standard (m/z 457) in negative mode
(A) freshly prepared (B) stored at low temperature for one year.
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ARERL2IFEHLRFEFY
B B AR

w =

BERDEERNBF ZGEUG ~ (RRA ~ AT BERSRE RS EE  BIEREBESH 2
STk > MEZS DA dery - Fmeiaily - 2R B TORMRM N < RAEYIE R E - AHTFEHH
I REEE Z S ER B = @ R L0 REiHE (recycled High-density Polyethylene, rHDPE) ELA]

(TP37: 30/70, TP46: 40/60, TP55: 50/50 Ed TP64: 60/40 ) » #ETTAEERL 2 JEER » N0 DA H B YA
TIoRIEEIBE O Z PSS LA B - $5F 95 > BE7ky / tHDPE EEFIZ 3G > FREE2EE
EEM YRS (RKRERKEREIRSR ) BRGRE (FTESREBTNGRE) A MEZ8
B [EHAMRLZSEMERIETF - KBRS R SREEBE G 2 RIITEHIEIP e TR
#3 /THDPE LEIZ ARG R - F B HEAER: - 7%k / tHDPE BELLHILL 50/50 BAEEZ M
FE °

RREET : AM - HE - BAEESM - Sk

il

Al

HTAFRAM BB &4 (Wood plastic composite, WPC ) [REMHEEAVITN A M - 482 AKX
FARFEAGIER: » $5EDZ (FRPANEECE G SR B E i WPC (5fE i RE MR A1 Z (b
RUBIAR TR > RGNS (AIRERIE - ByEBR ZH RIS ) DI ATT= AR ELR
Bk > B R ST 2 E M ~ AR M BT AR BV - ZRILIER PR BESERE AR S [ U FE A -
AT AR E GO L ER ] VRIS 2 FEF > eV B RS - [EI0REE e A AR P 2
BEERE £ WPC BA (1) BERATE/KY: - REBER TARE RBKSIN - NAEARE R/ FREF
FSH R B R DR i R oK 2 BRSO ARRE AIREA RiF 2 7% EM¥ (Huang,
1997); (2) BEA#E S IR 458 (Modules of rupture, MOR ) ~ it &8 [4: (4% ( Modules of elasticity,
MOE ) (H=EfEFISEAIE - 2000) 5 (3) FHAFEREE » O HEBENBEER M - AMEBEEH
Z R > YRR RS o MR HAFCE R - WPC R EHH#E 20% (Morton, 2005) & 1L
HA Rl > HEZK (2005) F5HIFATNET. (FF) s EavR¥EH (Wood plastic board, WPB ) »
HA®RE R SRS ER i TR B R 2 B R 8 LR 1 -
B AR T T - R SR 3 FEA4ERR (MDF ) SR8 2606 > S0ELUEE 1.5 mm
BERK © r E (2005) DUEREHIETHIVEREETE (49 14,000m? > FHE 2.6 km ) > #EEE o545y

L 7B EZE R G R RIS A - 28 Hribm -
2. BT ELRERSRMEE R $0% - 28 2 -
3. THbe R B gMcE AT 7t ERER - 28 &b -
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(6 m)  FEREIFEME R (497,000 m?) ZHzEqL " M-wood 2, A - Fl|FHEL o] FE A= #dis >
R¥EM R - BABIRIAARMHEEERL > T ~ i i R FH R i B - L i R
Bt - AEWEANES LM -

WPC i I Bt - BLERGRY - TR - SUBZERERY) S R (Yao et al, 2008)
FAMIE TR I HI B R A4 B o IR AR SRR (Valente et al., 2011) » &4 AT DAFI FHAY D
IR - (6 FH LA 2 AT S B RRRAVRA ~ 22 ORI aR R ~ 2 EER > 36 H 8
HHEFE(E WPC BEATFHYSEE - fF WPC (i T4 4ERE G AORIHIHENE (Stiffness ) FIEA AR M
AE (PREEDE > 2003 5 =SS - 1994) - [ Herrmann 25 A (1998 ) AYRHFTH & HEIRAR NS
Herm LHYE SRR S AR BLN NI AR AE AU AMRHELL - TEEF 21 TRV IE FI S IE » MPRHH B
HEA T H LR EIRORES: -

FEAMELDHEES 600 # m’ > HEJESERE WPC ZFA%E » ML 8EEE 7= A
WPC > #3457 RIEF TR RIS SEARE 1T WPC 2 8455 - IHEIE RIS 2% Bk » H WPC (Y18
MgEEr 25 ffE (Ashori and Nourbakhsh, 2010 ; Bouafif et al., 2009 ) ~ #4f2 (Kuo et al., 2009 ) -
kIR (Stark and Matuana, 2007; Leu et al., 2012 ) EEF2 R Z52%E - AWFEEIRIR G PRI
N A EEE 2 EAZ-PR-2%2 (Spruce-Pine-Fir, SPF) iy 8[| N ##% (Polypropylene ) ~ %%
ZJ% (High Degree Polyethylene ) #E{T WPC Z W84 - Wi HH 8 Lk # WPC Z & - Al
EEERERATITAE R EBREREY) GRE) RORFEREEITE A RIENE - BFE 2/ VH =8N
b ZRE BRI EC D RS EE Y R - HE A ERK - HRNRERIEY) GO8) 2okt
—FERIRGBLEAORL » AEIAK 7I1E Fs WPC GBAERaFRE » It - TR ZERUAAIARM Y
R LS BE B A S - B E M R 2 K -

Mt JTA
— Btk
(—) B R
DA EERI A BIALE R ERIEY) CGROA) Rl O EEE tHDPE & Ry mT VLS a4
ST BEBFEERL RS (glass transition temperature, Tg) %Y -60C » ELJAEL (melting
temperature, Tm ) &9 120°C » Z5[E4Y 0.941 g/cm’ » /KR <196 » # R B E 148-232 C »
ST BE 11 Ry 500-800 psi » ERIUUTHEZAT 2%-5% Mt » HAA LR/ DHYS8E » iy A5 |
TRIEE 73 F20 (CoHa)a ©
() E— (b) FFE FKIERIEY) GOA) HEITRAGREL IR - WA EEE 4R IS
FyBAFRY 0.15mm (100 mesh) 5y » Zbnfir AR H AT AR BIZATLE - SEREMERAR
5 BBt - (B BB RIS R A B 5-5.5mm -
(=) WHE
1. BB : BERSEESE (Zinc stearate ) ©
2. #&7% (Coupling agent ) : MAPE ( Maleated polyethylene ) °
= BEITA
(=M 78k - ol REERIEY) GOE) TR B RN % » DAER e T35 4l
AGEA[E|ERBAL - BEY TOCHYEEFE P EZIE 24 hr - fE{R AT R 2=0RIGHH -
( = )REJsE &R © 47 HIEL 30/70~40/60~ 50/50~ 60/40 (TP37~TP46~TP55~TP66)  %5#; /tHDPE
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RBLE - E AR E T TR SR - PRI 3 min > SRR 5-20 rpm > JRAR
PORFERABMEE M FE E e - JRRE - BRI T2 e B IS -

(=) FERRAY « G Ar Z ML - A BB ER B LA > IR AV LTSRNy 65mm > L/D
=32 &Ry 170°C-200°CTH - FHLURSREL NN, - Z AR RIS AR EE e PG B
1> FLL0.7-0.8m/min HYZES [ZEHIE/KSH - Bfk /S Alpd -

(19 BAMEER © et Z BB R S R ERBIESAEEEITEE 2K 1k
IKE ~ BUKEERARR ~ LB ~ PriusafEEsls -

SR BT B

— ~ RIEENYHREATTAR

Bl — (a) B&CRINGZIRIG 2 BEAREE » EREIBEAR - TSI Rl 4K B 58 3 4R 1% BUS- ML I R B 17
74 0.15mm (100 mesh) 2253 » 4@ — (b) > DUFETREE - AWTFERE T G F H pR
AMARE G > 12 Bouafif et al. (2009) WFTHEIR » EREH KKK EEE N E - H AR
MR I PT RE EE AR 4H4E > WA 2B - HIE - HEK 2 i KIROREE T8 &2 » S5H
Ay BLHB B GARRE AFE 2 - R R RAIRGS - 152 TR SR e e 1% » JRg (il
MR NI 5 PEEEENER Rl Y 3 i oK 2 A RST AN [E] -

.~ AN[EZEH / rHDPE LEG 2 R B R R R A S

B — Rty / tHDPE BLAH) / rHDPE 2 RRAHRL - HAMNBIRPREERIEY) Cof) (i DL
BURIRZ FERER S MBI (i — AR VSRR Ry - SR I 2 R RBE e (B=) JMEEL
> DU EEVERBHE & 2 R IR — RO EEIBE G R%k - SR B 7 > DU4HZE
EWRBEGM 2 R 96.0~102.0 [§ » BURREBBE M ERTEA RFHKHE -
=~ 7ty / rHDPE BREE &1 2 VR B S i

F—FyZtn / THDPE BBEEM 2 EAME - FIFAEZ K 82 rHDPE LEGR R4S R
BEASKR LLBIRE N - 258y / THDPE ¥R &M 2 B A hni#2s (1.071 kg/m*~1.175 kg/m’) » ik
Fokn < B SE tHDPE Fyis; » 15 B N2k @ 2 N EFLIS - 4HRERERR - dHRRRESs <2 5 s BRRR A
&L - B EpArE > BB LRI A SFTE > DL rtHDPE S 5y 0.941 kg/em?® SR LHfE - [
ZM LB - S5y / THDPE SRR SR B o3 Al g 1 13.99% ~24.8% -

TEE7/KETTHE - A LB - 758 / tHDPE BB &M 2 P& 7KE (Moisture content,
MC) EHRE 1282 (MC @ 0.66% ~1.56% ) SRR G KEYIE » dHATtEERAE R IR o] 5
AR OMRIAER RIFZHKM - A5 8GR T BEUKEMEL T ARG BEAFRE » 5
BUKSYEE GRS S - WM 2 &7K% WL » 15258 / tHDPE HBEEM T > EFShELEbY
IR - HEA 2 S & /KSR 2 B -

FHME 24 h Z /KRB K B ERZARR JTTH > R —RUR  BEAS S 20 HRKE (Water
absorption, WA) Eillf,/K[E[EHZHEZ (Thickness swelling, TS) 94 7} 282k » HiHIEAE TP64 4H
Hg /K B /K R S AR B A AH R B 25 (WA 1 1.97% ~ TS 1 1.34% ) » HN R &
2 60% - NIL - M EZ RS o TR L BER > G MR EATEL -

SAEHEMEE T > 5SS / tHDPE ¥BESM 2 P e A m S ' 2
AN R @82 > #7244 % (Modules of rupture, MOR ) H123.99 MPa (TP37) J&{&Z 20.05 MPa

(TP64) » [h{AZ FAMERE R 2 FE & 5 - FE R S 20 - Wi EEAHRHHE S 2 B athiEhE
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Zehn > DAEUZ IR > AR IS S I EE - iERE S S EL (Adhikary
et al., 2008 ) & & A A RHIE » HBAVE AV EEEIRPUESES QMg RS TmeHie
5 E0I% (Huda et al., 2006 ) < FHEZAY » BL¥ERBAREL 2 T » ZREE@ 4 WIEI AR @ AR 2 B
At > BEZASIELBIG I - 5 / rHDPE MG & 2 TS 458 (Tensile modulus, MOEt) 75
B S > 47 R 1.18 GPa (TP37) HAfIZE 1.55 GPa (TP64) - AHE A %5Hs / tHDPE ¥E[E4E
GMZ S ME > HPrhmars 2 S e A EE - EEEH - JrirsE S (Modulus of elasticity,
MOEb) FREEZSHELEI > B4 hiET 1.35 GPa (TP37) 1417 1.83 GPa (TP64) -
Y ~ %5ty / rHDPE ¥R Gbf 2 B REHEI IS S i

Z5ky / tHDPE ¥EEE &M TEM I E 23R S35 5 MOR R4S 58 M (4% MOE AVFH -
15 MOR 1E 55 HHv& S sA B A i (R4S R 28T P BB A S AT R EHET AR BisE 11 b > MR REAT
HFEHTRE ) T E R AR (stiffness) FTZE « HHE MOE BRI B2 HZ A RHE R BRI AR BLAE
TTEEGEZER > FIRF AR IE I AR IH S L TR - IEAh > DL 10%fE J17K#E (stress level )
DITE R 40°C NHETTVEEEES 30 708 0 SSRWEIUATR - S ER(EE (TP37)  HIESEEIH
Kz (EPY) - $IH MOE {6 » J8a] 883 TP37 BHSRA A =41 » thidipl <z J ol s
J& (instantaneous deformation ) HAFHE A A =4H - 78I - SRS TR 2 60C » R &4
/N (B - fkFR— ~ ZREVY - AEEFEUR TP37 K TP64 ZAYHIME 7 (B6hES - AR
K8 R AR EEFZEREY G58) > HEDl TPSS 25 / rHDPE ¥ & 41 By mEL ] -

S

AWFE " FREE B R AR A 2 BREE R AMERATE | AT S ORI A BIATE Z R BERIEY) CRh)
HEITHHE ~ SraRERE|f . fHDPE 12 - ikl / (HDPE MAIBHE S e T HA A E 5 - Hopr

fo&dm -
1. DABBCREE R ORI AT L 5% / HDPE MEREHE&HF - HRm (s — AR MRBE &b i

2 AREA RIS R R R i R L 2 BRET -

2. Z%8) / tHDPE BIBE G 2 VIEME (S/KRBERKERERARR) BRIEE (PTEmEai
IS8 ) » AR EE P SR > ST IR LR A A -

3. Z&#3 / THDPE ¥ERE i & Eh e sl BRaE R U - HAE RIS IR IR RS - B
RIS > RKEMR R BG4 -

4. HATEURIBRENE G AZINFEREREY GO - WaKhidEs - TREChies - KoK
BARRK ST BENIRRA o St K R A BAAIAR S » KRR e i B A M B S B SR R it
pAZE & > [ 50/50 75k / tHDPE YAIBAE &A1 Ry EL ] -

i}

AW TR S DR TR SRR BRI SR R AREE R A - FF IS5 -
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Research and Development of Tea - Plastic
Recycled Composite

Ming-Tzu Chiu! Te-HsinYang?  Cheng-Jung Lin®
Summary

Natural fiber reinforced polymer composites gained a significant interest during the last decades, due
to the advantages (ready availability, lower cost, recycled feasibility and environmental friendliness) in
relation to use of the natural organic fiber rather than an inorganic mineral one. However, most of these
researches have been performed on composites based on wood flours, rice-hull flours or wheat/crop straw
flours, etc. In this study, tea flours (TF) / recycled high degree polyethylene (tHDPE) composites were
prepared. The different ratio of tea flours / rtHDPE (TP37: 30/70, TP46: 40/60, TP55: 50/50 and TP64:
60/40) were compounded and extruded through extrusion process. The physical and mechanical
properties of the TF / tHDPE composites were investigated. Experimental results revealed that increasing
TF content in composites improved the bending and tensile modulus (stiffness), but resulted in less
favorable moisture content, thickness swelling, water absorption, bending and tensile strength. After
dynamic mechanical analysis testing, the bending properties showed an increase of rigidity of the
composites upon increasing the TF content. Concerning the properties and application, the mixture of 50
wt% TF and 50 wt% rHDPE provide a reasonable balance to the extruded composites.

Key words: Wood, Plastic, Recycled composite, Tea flour

1. Assistant Researcher, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
2. Professor, Department of Forestry, National Chung-Hsing University, Taichung, Taiwan, R.O.C.,

3. Senior Researcher, Forest Utilization Division, Taiwan Forestry Research Institute, Taipei, Taiwan, R.O.C.
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Table 1 The physical properties of the TF / rHDPE composites were investigated

T/P! Density MC ? WA 3 TS*
Specimen
ratio (kg/m?) (%) (%) (%)
TP37 30/70 1.071723 0.66* 0.56* 0.15%
(5.0) (0.52) (0.04) (0.00)
TP46 40/60 1.0860° 0.322 0.69° 0.272
(4.1) (0.24) (0.05) (0.10)
TP55 50/50 1.1302¢ 1.26° 1.12¢ 0.442
(7.8) (0.50) (0.09) (0.21)
TP64 60/40 1.17454 1.56° 1.97¢ 1.34°
(6.9) (0.39) (0.05) (0.29)

! Tea flour / plastic ratio, 2 Moisture content, > Water absorption, * Thickness swelling
3 a, b, and ¢ show the significant difference with raw at the 0.05 level by the tukey's testing

R~ REFKHDPE BRBLLE 2 8 Sh ki E
Table 2 The mechanical properties of the TF/rHDPE composites were investigated.

T/P Tensile strength MOEt ! MOR ? MOEDb 3
Specimen
ratio (MPa) (Gpa) (Mpa) (Gpa)
TP37 30/70 10.01204 1.352 23.99° 1.18*
(0.93) (0.11) (3.30) (0.10)
TP46 40/60 10.55° 1.50° 23.72% 1.35°
(0.56) (0.07) (3.51) (0.06)
TP55 50/50 10.58° 1.57° 22.77% 1.46%
(0.99) (0.13) (2.24) (0.09)
TP64 60/40 9.39* 1.83¢ 20.05* 1.55¢
(0.76) (0.09) (3.08) (0.07)

! Tensile modulus, 2 Modulus of rupture, * Modulus of elasticity
4 a, b, and ¢ show the significant difference with raw at the 0.05 level by the tukey's testing
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Fig. 1. (a) Agglomerated state of natural dried wasted infused tea leaves, (b) Broken and graded tea flours

(a) ~ l I
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- @

B ~(a) 4[%5% /HDPE #8%r (b) SPF AK¥y /rHDPE Z8k
Fig. 2. (a) Black tea flours / tHDPE pellets, (b) SPF wood flours / tHDPE pellets
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Fig. 3. Black tea flours / tHDPE composites (a-d), and SPF wood flours / rtHDPE composites (e)
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Table 1 The benefit of all kind of energies

e R FESH &E 92 5 R SEH KRIRA
EEEZ & as (TFET) 587 1,529 1,560 1,865 3,163

R IEE] > MR FUTAYEEE R bb S - (HAR R GER AR AT SRS - £ 3R N Ry FLir
L FEFERIRE S 5y > 554 D ECHI AR € 8 (50 P A/ R i R g P (R AR BT el ) » S5 ol LA R RV BRI ) -
BRI LRI BARE - ELARERAVA LR - OB RERER - RS TR RIZEAR 2
FURTRE > % T RO ) BT B SRS BVRNNE - XAV H FLATA B Ot - SRR AR
NI I P A

B — ~ B ERUREERGT (A D REE > B - HIREFEED)
Fig. 1. Hybrid dryer (A: diagram; B: practical operating situation)

PRI TT A

— s TR SRR

AW 40 THYEEHES (B —B) MR & 83 (em) x & 74 (em) x 15 163 (em) -
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= 3.5 (em) » #RIEFEIAREEAD 220V > BMERTI R VAHP - HHERS L8R 4,200 5 - K
HTPRBEEAIE — > Ryl ORI LR BERE RUT A, - SUBTPRBERA LIS AR T T U A
ROMRE - IS BLATAT RIS (B=) RMERNRZ=IRE - ARAEX - E5 AR GR]
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& — ~ FLTARE=
Fig. 2. The firebox of gas energy
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Fig. 3. The flow rate controller of gas
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FESRIERE TR -

Rt RV e S E AT BB e R AR B BB S RE R - WICRE R RIS S S ERE S
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HEAE SRS R e — Ry 50 (8)/0) - FEESTEN E5% AM-4206)(E /1) - HEE
Fo 3 (m¥/min) » BERDRESGE 90°C - HE(E 3 /N - SREERRTHHERR 260 2 /NLLE
R 3 EEHER > R -

(—) HEELGE R « R R RS RN EE -
(Z) EEEHHE Gl @ s MER - UMM SRR S

o

VU ~ Rk EE A 2 O RS B
(A BGEBIEMRERIGINL GE1E) > B : BEBES— ~ 75~ TREFERAGIL > C -
BEMBES — N TEERAIISORER > D BVEEES = 1 /U ARSI -
E: BVEMBES= - I /VEROMGORER - F @ S0 EH 4 om #PEE)

Fig. 4. The distributions of temperature measurement in the dryer box. (A: The thermal couple installed in
the dryer. B: The thermal couple installed the on first, sixth and tenth tray. C: The diagram of the

thermal couple installed on the first, sixth and tenth tray. D: The thermal couple installed on the

third, fifth and eighth tray. E: The diagram of the thermal couple installed on the third, fifth and
eighth tray. F: Measure the temperature above 4 cm the tray.)
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X DS CHE © KEW 6305)

EIF - BEESISREE (FUYE - :

ﬂ An[ERCEEE (BL5E - BTM-4208SD) Fig. 6. Power meter (model : KEW 6305)
Fig. 5. Temperature recorder (model: BTM-4208SD)

fEl/\ ~ JEE S g

Fig. 8. Fan controller

B~ JE R

(A5 © AM-4206M)
Fig. 9. Air flow meter (model:
[BIE -~ BEFE (5% © 1B-60) AM-4206M)
Fig. 7. Scale (model : JB-60)
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= RReER e
EEBAE SRV B A EGTHRE Z U MR - SUBCR R a0k 20 Sk SRR S FroRez
S 2 fEtioiek R - & 2 NEER T -
bR S EVFBIE B GHE  (BUE BUSHYSRESS 5 2/ NI B RE dnn P BE MU DRI -
HORPERE BF RIS IR — - SN EEHYEHSRESR > & /J\Emﬁ%ﬁf%a/ﬁ  HORE
AR E BRI R AR = -

T~ S BLR B SRR ]

Table 2 The temperature and hours for light roasting

- M (C) 80 85 90 95
STt

HERS (hr) 4 4 3 1

HERE  JRE (O) 80 85 90 95

BERE Refe] (hr) 1 4 2 1

R= - EHEHOEDR S B E SRR

Table 3 The temperature and hours for heavy roasting

JERE (C) 100 105 110 115 120

B
RS (hr) 4 4 4 4 4
HEERR  RE (C) 100 105 110 115 120
HERS FEfE (hr) 4 4 4 4 4

HUBE 3 A5 » BL IS0 21360400 5 738 - T E R ana > PR ST EE & 2R
MR ERE A -
N

FEEL 3 AR PMEEEENR T > A 150mL 5K > BFE 5 /rifg - BIAFEGT

REPE S -
SRS E R

— ~ HRER E B LA
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Fig. 10. Compared with the average temperature of the electric dryer and hybrid dryer
worked 3 hours
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Fig. 11. Compared with the average temperature of the electric dryer and hybrid dryer
worked 40 minutes
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1.47 - 438 > HEEEEIHEAT 20 R RIS R S EZHE fy 0.87 - 1.60 - JREIRERF
GRIF 1 /NERFE] 3 /NEF) B EENRHE AR A E fy 0.34 — 0.46 > MEHATENHE
BOR AR EE fy 0.24 - 0.33 AR HUE (£ R R AR ERp 0 S S MBS B R S BVREAS -

» B R RE B m M AERR I B LR
FosftBHHAE T R AV ER S PR IS B R M RE - FEE /M 4H H B H1# 5w (Control theory) AYTETY
(] (Rise time > ffT,) FIFREHIEH (Settling time - ffET,) HYESR (B2 ZRRIIHEREME

ot
HE °
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Fig. 12. Underdamped response diagram

(—) TeFHEFE (Rise time > T;)
HAFETEVIIARE Co TCEIREMRE Crina HY 10% JIEF] 90% FRAFRZEAINA > b2
BT R RS IENES AT R RE o T AR A e T R e -
Crina FoaEiifs 90C » CoWliEimE 30C -
10% FY38EE B 30 + 0.1(90 — 30) = 36°C ©
90% FAEE R 30 + 0.9(90 — 30) = 84°C -

U ~ TEFHRERE T, TR 28
Table 4 The parameter of the rise time (T,

Lyl THE(36C THE( 84C
FEEHE (min) FrEEHE (min)
RS 2 20

2 & BOEHGE 1 14
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AT EMFE RN 36°C FHE] 84°C MYNETHHF Ry T, = 20 — 2 = 18 min
BEEEFHFRENE 36°C FHE] 84°C HINEF TS T, = 14 — 1 = 13 min

R E HE S EBVRER T R L SRR > FitaT R SRS SR & BV RS
HYEEEAES RS - (B E A EVRMRE A FUT AR ME BEAVELEE - BT DI RAVE TR
@ o

(D) IBEREE (Settling time » Ty)

BEETEOEME Co TEERRTEME Crma 95% F1 105% [EREZFTERAVEH - th2
BT SRR TR AR E P R BRI ] T ) AR B R AR e P AR AR T A
95% HY3EFE B 30 + 0.95(90 — 30) = 87°C -
105% HY3EFE B 30 + 1.05(90 — 30) = 93°C -

I IERRE T, iRz
Table 5 The parameter of the settling time T’

=l FHE 87°C FFE( 93°C
FrAgiEE (min) FTRRHFE (min)

MRS 30 fi

BRI 18 i

AR LR S AR R I 18 87T CIREUBINRE - (ERig 7t 93°C (&
1) > AR R MR EHE SRR TR 222 87 C e -
AR EHERETTE] 87C AYRRERH Ty = 30 min -
HEERIFEHRLREE] 87C HYRRERFR T = 18 min »

A PUE R S ENRE T AR R - (RO R e (B AR e R IR el - 12
HITERERAT -

= [EETE G EUE & BRHLRE AL B R B P R R L AT
(—) FEEE B B LA M AE & ELaL
B EE S EVRHESCE 90°C - HE(E 3 (EVINE - MEEEE UM RENET=
EARINFR - BEHUEERE 6.63 EHYEER - MEGEVRHAEERE 3.73 EHYEERM 0.53
ONTHYECHT - ELEREE R - @A RNRIEEE 43.76% HYEH -
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Fig. 13. Comparison between with the electricity of the electric dryer and hybrid dryer
worked 3 hours

RN~ EHGEEE S EURBGEIRE 3 NRPE AV ER R TS
Table 6 The consumption of electricity and gas of the electric dryer and hybrid dryer
worked 3 hours

HEFE HER HRER
B 6.63 &
BB
ELHFT 0AfT
WA BRI & Sl
ELHT 0.53 AT
(=) B2 5 AT
1. AR R w7 i
=t IREEMRGTEEER
Table 7 The cumulative electricity bill
FHMHEEHE T EH 0D JFEEH Ov)
120 FELAR 1.63 1.63
121330 f& 2.38 2.10
331-500 [& 3.52 2.89
501 —700 [& 4.61 3.79
701 - 1000 f& 5.42 4.42
1001 FEPLF 6.13 4.83

F:EARB6ALHZE9 H30H-
(BRI « ZEESINE > 2016 24 H 1 HEI)
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HH 1,000 fEHYE -
120 x 1.63 + (330 — 120) x 2.38 + (500 — 330) X 3.52 + (700 — 500) x 4.61 +
(1,000 — 700) x 5.42 = 3,841.87C
FEE A 1,000 [EHYEE -
120 x 2.1 + (330 — 120) x 2.68 + (500 — 330) X 3.61 + (700 — 500) X 4.48 +
(1,000 — 700) x 5.03 = 3,211.97C

MR RN TR RY - SAEESE LT SHEEED
1,001 fEDLF > U EREAERR Ll 6.13 JTATH - SUEHGEERE 3 /N JHFEEE R
6.63 & » T £56.63 X 6.13 = 40.6 JC °

2. HEBRIRERE MR SE S T

HEORERE R E RS A 2016 45 20 N fTHIAREE LTI ER Ry 644 T
WO 1 ATHYRTRAEE 32.2 T 0 MUESEVRMTEER(E 3 /NEF - JHRERLITE
Fy 053 7 FrE Ry 053 x322=17.17T ~HHEEER 3.73 K > WEER
3.73 X 6.13 =229 7 - LB EE ST A 17.1422.9=40 T -

3. EEHEEME SRR A FIRE R R S oA bR

M EF ATt RBOR RN R/ > T IR IR EHE SRR R YRS
RE (BEIUTE)  HEABMEEE SRV HERREIRE 2R A K (HEE G
AR T 4 EESE (ER) -

)\~ EEBLIRATEAAHRELS] GEPE 3 /)
Table 8 The proportion of the electricity bill and the gas bill (3 hours)

HERE REJR HAEE EHOD) WEICOD)  EALLH

E 6.63 &£ 40.6
LA 40.6 100%
FLir 0T 0
HEER & 3.73 & 229
. 40.0 57.25%
HEES T 0.53 N T 17.1

5 7 (Or) = BROE) X 6.13
RHTE (L) = FETR(AT) X 32.2
YO = By + AT
BELLE = —

EE+ LT

HE SRR BRI BVR A N REBE R FUIT - RARSR ~ SR B T EOR
PRIEEREIR (B — A 75) - HIWAKERY FUTERAE T DU BRI R AR, ~ S BL0HE
AR o LA EIREERE B AVAE R
EEBRHEEE 3 /N ELETABERER (T8) = 0.53(kg) X 50,232 (kl/kg) =
26,623 kJ o
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FLETRRRAE R B R AR RINIEERE B2 A -

RINRIPREELT Ry 54,000 k/kg > U FLHMHAR R ATROHFE 26,623(k])/ 54,000
(kl/kg) = 0.49%g -

RFE—FRIRIARAIRE R %2 £y 3,163 (KI/7T) » BUELHHRAE R AR 26,623
(kJ) / 3163(kJ/5T)=8.4 T -

FLEMRR B RE I B R SRR RE 2 s a A -

L&A IPREEEREY Fy 44,800 k/kg - # FLHHHA R ARG EFE 26,623(kT)/ 44,800 (kJ/kg)
=0.59kg -

TER—1FHIGCHATIRERE R s Fy 1,865 (kI/TT) » B FLETHATR RS 26,623(k]) /
1,865 (kJ/7T)=14.3 7T

FLETRRR AR R B HINERE 2 A P -

FURBTRRBEEAE By 47,300 k/kg - S FLATHA R R UHIHFE 26,623(kJ)/ 47,300 (ki/kg)
=0.56kg ©

TR SRRSO g By 1,529 (KI/TT) » SRR BRGSO 26,623(k) /
1,529 (KI/7T)=17.4 7T «

T HEERAR  SHEUHANE S HHE 2 SO GE ot GEIE 3 /NEF)
Table 9 The cost assessment of the natural gas, diesel oil and the gasoline used in

hybrid dryer (3 hours)
HEFE REJR HAER R o) %% 0o EEELS)

: . & 373 1% 22.9
RIARIEFE - 31.3 73.16%

FERGA, 049 AN T 8.4

S B 373 1% 22.9
SeHEAE - 37.2 61.56%

g 059 AT 14.3

U -1 3.73 1% 22.9
RIS — 40.3 56.82%

ol 056 AT 17.4

4 = EE + RRE
BELLH = —

EE+ LT

HRSLATLUES] > FARARIERLEER G - AR RERENR(K - (B
FEAVRETRER 40.6 JT > RINEMUAEHIREIRE R 313 Ju E 7 23% - [HRIRR
MV AR ERS - TREFIRERFEN  SEZEN AR H0RT - RAHME
IIAREE R AR E ERETR - HAREHIARERE ERBRAE () i (01
SRS (FERZIRNY) - WX R RE - HFZe - (ERE AR
FI5ERE » BLHTBRTIA% > iSRS ORI T -
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(S BERRERT
BRI R R - BEAEISEAENTRCR Ry 100% WA HURNEITEAER T Bk
BHRDISN » BRI SRR IR b HERIAAE » B0 SRR T A et - FURIBASCHA RS
X FUITRAFEIT BRI » BSOS BE T S SRR FRCE 78
SFEAGEEI IR SV RS T AR 2R -
TVl 1 28 = 1kW-h = 1kJ-h = 3,600 kJ - JHFE | FEREEZE: 3,600 kI (T-£) HIZk
BE - RELICARIIBRMERLE 50232 Kike - SHEE | AAFFIVELHTEIEEL: 50,232 KI AUBAEE -
Wit R HI(E 3 /TR TR TR B IR - B0
TR ey = T BORIRERE _ 39 504 » TiZER 2016 fFAEEIE
FIF ISR By 39.85% () - BEHERREN 0.65% © MATIRERIEL
ARG A e 25 -

ot~ EEEFATRERAVAHELG] (EIE 3 /N
Table 10 The proportion of the electricity energy and the gas energy (3 hours)

MRS BETR THEEE EHEE () HEGE (T EREEE A FERCR
n o 6.63 &£ 23,868 100%
EeysiviE 23,868
FUHT 0T 0 -
HEER = 3.73 & 13,428 100%
40,051
ezl T 053 0T 26,623 39.2%

HEA(THE)=E2(E) x 3,600
FLEREN (T-8) = FHFE (A T) X 50,232
HAEEE (T-6) = B2 + FLHTEL

e (e 2 — USR-S BURIAEE _ 23868-13428 _ _
FLHTR R EE IR R = TR = ey = 0392=392%
Bt BT HARSRCR - HRTAMRENDE o BEAHAZS TIPS N & Z TR

AR - B DURC D FLETBRAVELS: » RS EECR (E1) o S9N ARSI EEE S 1R
BERFE 30°CRMATR - A BN FHMAEAE A MRS - AT RHLAE HH R T RS 2N
(897 90°C) [BlUgsaBTIREs (FE T - W/ DT RRT B E (B F) -
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2. RO BEEAEIUR
LEET AR
| #AFL

1. &7 sh
[E TS

0~ 2 R SRR R
Fig. 14. The diagram of the improved hybrid dryer

' i
[+ 71~ PABRHEEA R s Y Ml R A I AV,
Fig. 15. Add the insulated cotton on the firebox
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Tt — REEHYE Z 275 20 SRRV ISRES  HIRVE maF il Al - SRS 2R BB
& o WEBRME RS 2R E IO > FOS IR R I RS N PR RS RAERRE
i fE Ry 95°C o EEELERHRES bR 90°C HY A E BHE S AVRBAE BUE E] 95 CHYME » GV
YEERER2ERIE Fo 3k HLR 5 - 9120 FIBTIE G BV B RO - BOBRVERE TR - P20 iR

GERHAER IR - WA N Rk o HAERREERR - R T AEREHIEZZA 20
BRI SRESR - SRR E S BVRBIE BUE AR TR Rt -

Tt EEHUE Z BB maPaER

Table 11 Sensory evaluation of two treatments for light roasting

JRREECC) 80 80 85 85 90 90
ARSI HF ] (hr) 2 2 2 2 2 1
N gl R e 2 = =t
. i JETE(CC) 80 80 85 85 90 95
BEEER
. HE [ (hr) 2 2 2 2 2 1
N gl it P et L P i

ik 1 SR BB - TP T PREIIREK -

T+ HEHYEZ B maPaER

Table 12 Sensory evaluation of two treatments for heavy roasting

SRIE (C) 100 105 110 115 120
BERS (hr) 4 4 4 4 4
EERE ] KR ~ ffd
kB kR o KIREA
NAES I . L. MECUEMREE OKPRSEE
dfcE R-ER B~ AR
N |
S (C) 100 105 110 115 120
i BERH (hr) 4 4 4 4 4
HEEER
" . LSRN
HEFE gy DRI L o o
NAES TN I OB B R MR i EFH
s IRR
T4

& W

ZEMERHRER NS, - PIGHEEREGCH - ERAARE PG HEIRERVE - LS
M E R RS > 80 THIMMESZE 8,000 K - AGERh & AN 2mI Bl FLATAVE HAYIERS - FIsstE
EEVRHYE - BEhIREIREIRRE (T2 - ) 3% MAEE - BN s B g e
RpfE] - FEOBRER A - REENRERE 3 /NRpEEZA UK 0.6 TTHIREIREE (FERE+FLTRE) » H
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RACEERER] - AEIREAENMERC D © FHEEERERAE - M BGCHREHVRCR AR 39.2% - BH
PEE A MRS  RATHE HERSCHAES Y N TIRR Y& B [E| Y B i BATHR SS HYER - 1
RSB ISR - Ea RN I E - iR S R - (BT ERAL AR R B
KIER EHIEHE -

SRR

1. JEEREEESE. 2019 48 10 H 30 H HUE https://www?2.moeaboe.gov.tw/0il102/

2. 4EFEEPL PREEEL 2019 410 H 30 H - HUH
https://zh.wikipedia.org/wiki/%E7%87%83%E7%83%A7%E7%83%AD

3. ZEUH/AEHE. 2019 42 10 B 30 H HUH https:/price.nat.gov.tw/p/zh_tw/energy#E1

4. BRAIERE. 1974, fEMHREOBEREFREGREE. Kl p. 1 -

5. GAFLED - SREDE - BUEGE 2011, 2UREE. S1EFE -
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[1]

=

B REEERE TR T -
| S AEARIEV 3,600kT 0 1 EEIVESE R 6.13 IT -
1 JTHYEEE AT DA 4 3,600/6.13 = 587 kJ HyELE
KR FIEERENT Rz T
RERFHIIRIEENL By 54,000 k/kg» 1 T HARATRIRGAE By 12.24 J0 BEL4 R 0.717kg/m? »
(2017/07/02)
BN THIRARE R By 12.24/0.717=17.07 5T
| TTHYRARRE A LA 54,000/17.07 = 3,163 kJ HYEE
T EGE AR ST -
T L LTI IR 24N s 50,232 ki/kg > 1 ANTEVELETE B 32.2 9T - (2016 FFAYLEES(H)
1 TCHYECHFES AT DLEE AR 50,232/32.2 = 1,560 kJ ZE
PR ERE AT S ST
SRR ENAY By 47,300 ki/kg » 1 ANTFHAY 92 S0mE: B 22.8 IT » B4R 0.737kg/l
(2017/07/03)
1N TR E By 22.8/0.737=30.94 7T
1 TTHYAHE T DL R 47,300/30.94 = 1,529 kJ (YEE

S I B RE Nz S T

SHHIPRBEEG fy 44,800 kI/kg > 1 ATHAVSDHER Fy 20.3 T #ELY R 0.845kg/1 (2017/07/03)
5( 1N FrHy5esHER B 20.3/0.845=24.02 7T
1 JTHYSERE A DU 44,800/24.02 = 1,865 kJ [(YZLE
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The Research of the Thermal Efficiency of the
Hybrid Dryer

Wei-Yang Hwang'  Tien-Lin Liu’®  Chia-Chang Wu? Jin-Chih Lin'
Summary

The hybrid dryer was designed in the research to save the electric energy, which fire the gas to be
the major heat and control the temperature by the electric energy. We compare with the electric and the
gas consumption of the electric dryer and the hybrid dryer. The temperature of the dryer is 90°C and
worked 3 hours. Record the temperature of the 24 position in the dryer 3 times. The results show that the
electric power consumption of the electric dryer is 6.67 kWh, the rise time (7}.) is 18 min, and the settling
time (Ts) is 30 min. The electric power consumption of the hybrid dryer is 3.729 kWh, the gas power
consumption is 0.533 kg, the rise time (7,) is 13 min, and the settling time (Ty) is 18 min. The hybrid
dryer’s performance of warming up and stability is better than those of electric dryer. By the electric
power consumption analysis, the hybrid dryer can save 44% electric power consumption. By the
cost-effectiveness analysis, the hybrid dryer may save 0.6 NT dollars (electricity bill and the gas bill for
working three hours). In Taiwan, the electric power consumption is increasing, but the power plants are
not constructed in recent years. In the future, the energy shortage crisis will happen, hybrid dryer might
save the electric power consumption and solve the energy shortage crisis for tea farmers.

Key words: Hybrid dryer, Dryer, Thermal efficiency

1. Assistant Researcher, Senior Agronomist, Senior Agronomist, Tea Research and Extension Station,
Taoyuan, Taiwan, R.O.C.

2. Director, Veterans Affairs Council Fushoushan Farm, Taichung, R.O.C

*Corresponding author.
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UREABRFER T STV BFLL G

FEEC O EEAR MEZE IR Metd

W

AWFERL 2017 SRR R R EBBE TR S P TP ARE » ARETRE T ARRSs » REN L - e
aa PATR R R i P RE B DU ERE AT 15 (BRI Z ISR G - M E Rk 60 (723152
SUETTRIG - SLEY 58 (ot - Hf ARGt 49 17 ARUECR R 81.7% - &iatirfiréiR
BURZIIRE BRI Z ENTEE AT > HEEF R (BiEMER] - Fik - LB R
BHAE) EISRATRAE S ~ TAFE RS EE S E B AR > AI{F RafiE e R PR
Z27% o SRR E TR T MR EE R B SRR B S 2 8K -
BV E PR REAR R SRAR AT AR NGB - Q00 I 155 0l SRR IR ] - AT Fe A SRR A AT (A TE R
Bt HE AT SEEE RIS HBRRMERF BB IEZ 2% > DIRERERE etz HE -
BRSRY © FISRECSEr  SRERVE et ~ BRERE

i

Al

FRERBEEEE Y SO EERREY) - (35 2017 FREESTTFRENER - REFERER
13,443 /A FEFEEEZE 76.4 (0T 0 SREFREMAEERE 2.6% ((TEFiE¥EZEE > 2018)
BEAh - INEEEETE ZIMETEY) - B4R 106 FAREEIMEELY 8,336 A &Y HFEERT 62% » 4b
$H4%EL 9,500 BT (International tea committee, 2018 ) » HAE =% 29.5 (7T -

iR T &y RIFEZREELE - SRGMHBUN - #SEART - B - B ZEEm A E KETE
5 S E AR R R - S EME BARILE SR RS 100 B ZREERTE
ANBEHEIR A ESE YD - RRIES IRAUS ERERTT » ORI R EEEEER IR oK » RN
RS 2011 FFAERIBAR SIS EEEVE T AERA R - B2 AT - 437 B 2016 LA
S EE R AR AN SIS - SR 2017 SRR RS BE RN E S R AR B 3 RO - Fr RS
AR EERVE et EHEAT -

TEREEZBEEN RS PEITTE - 28 PkE -
TEb R Z R SR RIS X1 BT B - 28 it -
TEt R R B EREN BY Rk - 28 Pk -

C TEPREZ BEREU RS VIREHERE - 28 BkE -
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Kirkpatrick (1975) ¥HEHE & E (Reaction) ~ 27 (Learning ) ~ 7/ (Behavior) K45EHE
(Results ) 7 VU2 I|RaTRte = - Ho b e fg R T #E R W B o & S AR B e e 2 B RLIEl 6k
FIHE > BEBXFEEHE TR RS 2 B R EE Y - (T AR T/ EEE
G & HEITEAZ » SR ah SR B A P RS ) S 1%~ BRE TAF &2 Z SR I E Tali% - R
WHET H Y Rt ¥ 2281 2017 FE BRI ERE e IEEIREE 5 7 e ~ 28 AT R » 3
SR EEAT HEENISATRES) - TFEZEME R EEH S S EER DI RRERE 2 BIEMR
% I ERENE TS EAA R EHE -

FEN RS 2011 FEREETRERE ma P EAA R TEE SIS 2 0T - TR 2011
7 H 1 HEREE L EE S AR E R S5 T IR E R E e A\ BRI S
WG PR RS SEE - B - B AR P SRR RE ) R TR/ el
&I 2014 PRI EIE AL T KIS S BE R B R T - R E R A HIIRE i 704
ERANEERE T BT BRREERLER (F8) > WEGEIRAEREI G E - Ml H e PR IR
EHENE - EEMAREEA RN R HKEEZERE TR A ERE AR T R ERE T
EANA > BRE e EEE AL 7 R4 ~ 8~ ik - SRR AT AR R ~ R ER
e RAERE Mt R - SRR AIET R RV E e e o

2015 FSete HbE 3 REsk - WAL LERGTHIEREE 2wl T - SRS E L TaE I8k
FERIEAERASEIE - B E [ R AEEMAEEEE - FRIERVE e B AT A AR ~ SRE 61T -
RE 18 R EAE R FRERVE e P E A BE N E SISO R E e e A B & -
FERE e HEEAA TR AR TS WHAEN RSO AR E e i E " feEZ
B, Kk "TWEE o AEEHESTREIEESIE -

2016 FHeteHb 6 REsk - THGRERE MR AR FiRsERENE - e I E B = B
S A~ B U R R Rh MBS N A S5 25 W (R FRAA s I BE R E L e o AR 1408 R g
ERDHERAN A RACERIR B R - p2% BRCER RN A 28 - FEatlam - 55 LEN - &
B e AR I KR EEET 30 /NEF Z WIARERAE - AoRPIER B & 2 s i B AR G - B2
flokbAIER Er 22 70 53 DL | - RIS IR ERVE et E A SR T E G &8 -

2017 FFEPREEMRIE RVE Sua PRIAREN 9f FORIBsA b (B R IR BE RN E S e 4Rl Sk SRS
ERDHERN A Ry RS HENS  SRRIAREERS - ZRE P R R TERE et AR
IESPHEMESE SR ET 40 /NI 2 R 8GRAZ » fiTRDHNER e & 2N E - ZREEPHEHNES KSR B 1
TEMIES (EHFTEZE SOMBEIESE ) - BERL R AaRHIER B2 70 53 DL - BSR4 IR E e P e
ANA RE N E Gi&aEE -

2018 FERFEMR RS BERUE Gn e AR R R 4Rl SR RORIER - 4iEt 2016-2018 AFERIER 2 N HET
1,377 N » &R NG 1,167 A - S84 84.7%  2017-2018 AE 4R <20 A St 1,101 A - &F8 A
HEt 317 N S84 28.8% (F—)  RENFHKBRERNE e N ciEEZagsR 7
ERENRE T = SR ARCRR 2 52 B -

IEAh > 2017-2018 G RIIAFREERVE e Pl SRR T RS 2 AR B A 5T 5 22 » Ho1 3
FEFEBFEEMILE R | S ERE TRl S | (ERGESCERE T - BB R
G RERHORE) » v B TR BB R E a8 - 22 ESERGEISRE > TSI ER R
SRR 2 WIARER AR AE T e ISR AR PR TE R E mn e Palll SRE TR vl SR 4G S SE AT A B A M
W 7T - AT 4R BRI E SR B AERE e 2all A B2 2 i -
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MRIERTT A

— ~ ARIRFERS 2017 FESTEFEFER RS  FAERE SRR ) SHRIEEE 60 22 88 60
ISR ECEE 4 - FEEU 58 (G - HH ARG 49 () AREIEE L 81.7% -

= MERNEEEERER (WML - HAF - BERE - BEEHF - TR - FELEm
T~ BEEQE RS (B) 5% ) - JISkATH (0B RisEIREE K TIEE MRS )
skl CAOFISRizaE IREE TS TS ) Kol S E ek (WA E R ERBE
SN SRPEAVHAET ~ &= BN DL s R ) FIUREMy -

- SRR EGERLL 1~5 HUREEIEISEIARE » T EEEEURAE ) ~ B MR TS
i o RETHAEET 15 o W Ry AR Es ~ REENNL ~ BUE e PRI S EVE dna T AE S VU i
H (R e
Mu -~ MBESIE T
(—) ARIE(SELL Cronbach’s a {5%#@ i » Cronbach’s o {HF# AL 0.7 » ForibRGIHE TS

RENME » AR GREETE 5 S BT8R 2 Cronbach’s a {HIR T T/FEZEMAYZSEE I TR

A 0.7 LIh » HAth Cronbach’s a (58 A 0.7 (R=) » BURAWITTATIRHEREA EENN

E—EE A ERE -

(=) ARMEERMGETERE T FERE e A BB AER | HE IKERELREIE » i

BESTNESSSISE Srg it

T~ FlIF SPSS S - DIRCHL 4R 7347 ~ TR AR T A ~ 8877 73 #7( Analysis of Variance, ANOVA ) ~

/N E Z= B {E (Least Significant Difference, LSD ) ZE1& i i & B B - F I E 7
(Importance-Performance Analysis, IPA ) ZE 775 T4 ©

[1]

SER BT B

—  BURPEGET I ITEER
(—) XA
PRI - 49 (2 MR B LLBPEELBTE R 20t (531 61.296 ~ 204 38.8% ) -
FEE 300 5% (30 BREAR 53.1% ~ 31-45 5§ 44.9% ~ 46 pELL_E 2.0%) °
BERE « DA i (5 12296 « KHEBE 67.3% ~ HFFEATLL L 20.4%) -
BRFE - 9 3.8 (MIR(ER 26.5% ~ F£5 3 LT 38.8% ~ FH 4 LU £ 34.7%) -
FREEACBTEN | P94 3 A (M 26.59% ~ 2 /A HLLA 42.9% ~ 2.1 AHHDLE 30.6% ) ©
R E R  DRIEERS (51.0% ) HRBEELE (28.6%) -
F TR (88 )t AR Bk (63.3% ) H IR BUZEEI{# (28.6% )~ 275 (26.5 %)
KAEREAR (24.5%) - WADVEBCREEA (6.1%) FoREATHESE (41%) -
8. JRIEE MY (BR) & - HEELLPIBAE T8 (FFHEE 55.1% ~ RHEE 44.9%) (RIM) -
(=) DR HEIISRATR S IHAE IR 2 MO
S| GRATRE IR By 3.05 73 - DUREENN TS 3.30 53 Fyfie s - UE SnaHREI I 2.84 53 Fyfix
& > RIS ATE BN ERE SV L BRERE DRRER = - JIGRIRRE A9 F 3.65 57 > LURE
AEET RIS 3.83 43 Ryt > RUE SLETAAEASIE 3.58 43 JyiRfl - BllSk{RE2 B S EE RN E fa T2 Al
sk AE TP Ry o TIHCRERE T HE Ryfe (S > {E B SRATE NN - SISRATIRAE L (FISRIRRETIRT

NS R DD =
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Gy RN SRATRE S IE TSy ) 88455 0.60 43 > A6 DURYE m AL RERETE 0.74 Sy B4 INA: S > DIASEENN TS
[ 0.39 7p 3G/ D « TAFESEMEAEET K 4.52 57 > DURVE fnasFARCRERSI 4.65 77 Fyi s » DA
Bt 4.42 77 Rl TR ZEMER Bl T2 B MRl RE U Eksm S8 TIERESM: -
e LS ST K 3.14 73 > DURNE e THCRERE T 3.45 70 Ryirsr » DURNE S PAHIGRAE T 2.94
& FREE e PRI AR SRS S MR ERER A TS 2= (FRA) -

o BIIEEAR T fRAE ~ ANOVA -~ LSD H=igfaE irfrahs (RN~ £L)

R B AR EDRI L T FISRATRE ST o T FISRIRRE ST o T ISR ATIRAE ST L T TR T2
B | ETRBERES - PR B s (BB - 8 - AEEE - BEEE - &2
THITE S SR = TR el bss A fess ) BV KRS S THRE IR or 655 2 R - FIFR &
THEE G5y St EL O R E R WETEIEN RGO FIAFEEE 3N 46 BRIL B ABUE/D ((#
B 1AL RIBEEE T T30 AT o~ 131 gl b Wit s = AEs T T Ess
B T FIEEE | I EEITERE AT - TAEBRIANEST AR ~ BUZCAM - 25 e N BT T4y
Mo FIF T e B R TEESITER - 2ENHERER - BREE Rl A S A Ak
VORISR S A SR M2 ERER] - i - KB - KBHEA R TERNEELRER
RIEER R A B M A

oy TRVE SRS ) & T RE SRR 1Y T R R0 0 T2t B

TEEME ) BRAEEE T3 DALt TER 30 BRLATS ) B AEEE -
A AR L, A T TEERME > T B AL TA L BEEEET - ME
"EVE She RS By T TAEEEEME T i B R ERRE T it 2 ANEHDIA B EESER -
BN - T RVE SLEERIREREE 1Y T EISRATRE ST 0 T B 2 NEDA ) B EANRRY T, & T+
by 2.0 AEDLE BB - LB ASENITHIE , 09 TESERESRL | 55 LH 2 AN,
R[EeE: Tt ke T A-th 2.1 ANEDLE ) B2 EREIREE > R L 2 ANHEDIN Z A8 TR
2 TR [FIRE AR HE Z et HH B B s R BE LS N T2 - P REM e 2 1N T B2 Y s » BT E G
SRATRE R R B2 2 R - ik 2.1 AEDL ERKCE ERTOR  vIge2 g TBhifE¥ >
T 1 BT S R R B S SR B Rl B, -

Y TRVE SRERAIEREE 1Y T EEESE M R T EEKEE ) FHAKERM - 2E
FEAB ML THEKEE ) ARES -

BATAEERRR S > A T EVE SRS E L 00 T ISRATREE ST L 0 T IR S B TR
R WY T EVE e TREREE L 1Y T EEE ST ) PUA - T BRENA ) b T IRRREN R 3
R 5 ] RS BUSETE T R IEH BE RS AR IS S BN E S E AR o BN T A8
DOTREE /Y " ENSRATEE ST ) AR T EE She TR RE R ) B T RE SRR T 1Y T TAEEE M
A TR et T IR ) WRERE VRN E LA RRE B ISR R - WA A e P BRI R T
IR P i e B BHE(E -
= -~ HHEE-FHEE M (Importance-Performance Analysis, IPA) 455 (£ ~ B—)

BRaTER Bl eii% PU AR EIRE AR R EAE T EVESEM: » SISRIREE UAEE fy X il > T{F=H
B Ry Y Bl Horp TSRS ) BT =R FonIIlSRIEAE K (2 TAFE S M
PRI - SRAZ SRR ESTIERP R s T T 2RSS TS | ARSI RIR » R TAFE MR
BIISRIBEE THS » SRR LB REE LA B E » ROERMIE 2 FE E W ET AT =5 R DI e RIS 5 5 T K
BRI AR 2R R TEEES  ISERE IS SMELHE L RIF - T4
BORFF S % T RVE R RGERS T ) AISETEEE R R LIEEZEMES - EFISRIRAE K 7]
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Shnm SR

FH7ess BT - AR S AU E < Re DHEE AR W LR EE RN E anaPHIEREE ] 2 et
Fofersr > HARERE-REREE O - AIHRE N ZSMEZ PGB BREK - RS IREY |
MR E deaTRRERE 11 ZallM& AR MR R M - IS I RE R R S AR - DB REAT &
B2 2R IR HEEIRUEREE - R SRR R T RIB R B R AR JI5RED
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& DUEARISRGE R IE X - RIS TR EIRHEER 2% -

WEAINS @ RENE G 2E R MR - AR B R - R 0 DU SR
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Fo— ~ 2016-2018 FIREERNE dna ISR s T &foIBR 2 M\ B R A8 N B

Table 1 Number of tested and qualified examinees about elementary and intermediate levels of tea

sensory evaluation in 2016-2018

P PR IER hERCHI R
2B ais B EHEE ZHANB EAE GHEE
105 1,205 1,051 87.2% - - -
106 28 17 60.7% 612 178 29.1%
107 144 99 68.8% 489 139 28.4%
& 1,377 1,167 84.7% 1,101 317 28.8%

T~ SRR I FUEIH

Table 2 Constructs and items about the abilities of tea industry
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Table 3 The results of reliability analysis in constructs about the abilities of tea industry (Cronbach’s o)

] Bl ElESESES lskpiigsE 8 e TAFEZEM Z2E5%5E
EE ST 0.945 0.885 0.828 0.846 0.766
EE SSPAIEE 0.875 0.883 0.752 0.806 0.882
SRR 0.924 0.934 0.901 0.891 0.884
FEENT 0.864 0.916 0.820 0.668 0.911
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Table 4 The attributes of respondents

EER RS R

% 38 Hf (2019)

HH Pk EL 'Y ON) Horke (%)
30 61.2
e >
2 19 38.8
30 LR 26 53.1
Ef%é% 301 %) 31-45 5§ 22 44.9
R 46 BELLE 1 2.0
=2l @i1P) 6 12.2
LEEE K= 33 67.3
WHZeRT AR 10 20.4
B} BN 13 26.5
A2 B e S
%iii ) 3 EMT 19 38.8
o FE4FE 17 347
P Eiii a1 13 26.5
) 2 SNEDAA 21 429
(339 3.0 AE)
2.1 NEDLE 15 30.6
FIEE = 25 51.0
TE &= 14 28.6
L GERE 2 4.1
E4-IN- 2 4.1
Hith 6 12.2
=3 31 63.3
BUZRAmE 14 28.6
TAEER* ZKPE 13 26.5
(1858) HEAE 12 245
ZEEEAT 3 6.1
HKERTES 2 4.1
NN H 27 55.1
:izsquEZ*c P_ia‘:‘iﬁ
A Ee (fRE) T 22 44.9
R TIEMERIE 5 ALREE > G 6ME -
FH ~ FISRETER STEAE IRSA T8 ()
Table 5 Analysis results of all kinds of ability before and after training
I EIEENES Bl SkFIRE NE(E T/FERYE SZ2P#%IHE
FUE LS RE 2.84 3.58 0.74 4.65 3.45
VR SR, 3.15 3.83 0.68 4.63 2.94
ZERstE R 2.89 3.61 0.72 4.42 3.16
ZKENT 3.30 3.69 0.39 4.49 3.00
SEty 3.05 3.65 0.60 4.52 3.14
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Table 6 The results of relevance analysis between all kinds of ability and attributes of respondents (T-test)

Bl ] JE R {E %5 SE O t{E REEM:
UN) (51
30 453
% -2.487 0.017*
5"y 19 4.84
. 0L 26 4.50
EVE S RE 2.471 0.018%*
BB SR AE 31 0L - 23 4.83
JEHPE 32 4.55
-2.763 0.008%*
fEEE il c 7
I )|
30 4.48
7 2.785 0.008**
4 19 4.87
L 0RELLT 26 4.40
BRI -3.44 0.001**
EfRE S 3 EME 23 489
JEZPE 32 4.50
-3.419 0.001%x*
7P 13 4.92
e . JEZPE 32 3.10
SIEEE PASIC o -2.449 0.020%*
S 4RATRE T FEENT o 3 363
S| 14 1.0
B Elﬁl%‘qunﬁ ii;ﬁ 31 0 5(7) 2.430 0.019*
R .
ElE G A -(w —
e PSR 32 0.55
TR e 2.074 0.044*
RIEIIL PN 13 0.08
N JEBUZSAM(E 31 3.69
A SR A : 3.053 0.004%*
, BVE e RE BT 14 312
BRI P
L s HEE 14 2.68
ST R 2425 0.020%*
J—EEDDD;%D‘%& %ﬁﬁ’i\zﬁﬁ 25 330

fHEE 1 *p<0.05 > *¥p<0.01 -
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Table 8 Importance-performance analysis (IPA) of the distribution of the abilities after training and the

importance of work

flm T RETE IR
1 B KA R v
2 Z B BRI K2 FE 111
So— 3 %ﬁﬁ%%%ﬁﬁfé? 1l
4 L2 S R fiwoll 11
5 Z e AR ST 1
6 FABHR R T 111
7 KA B i 111
8 oy A LS Rl I
SexE T 9 %ﬁé?ﬂ%%@iﬁiﬂim ) I
10 FEE RS R i I
11 BUZSOWOR Bk e 11
12 ZEENN T RE v
13 REME R I
JEE t P 14 FETERT R I B I
15 JEE e R A T S22 I
16 T R R II
BV TR 7 RIEDERR .
18 R B RS I
19 EE fma R B T S 11
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Fig. 1. Importance-performance analysis (IPA) of the quadrant distribution of the abilities after training
and the importance of work
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The Study of Curriculum Planning and Integration of
Tea: the Case of the Intermediate Class of Tea Sensory
Evaluation in the Farmers’ Academy

Ting-Mei Kuo! Wei-Cheng Pan? Yi-Hao Lin' Cheng-Nan Lai?
Jin-Chin Lin*

Summary

This study investigates the current knowledge, technical ability, working requirement of tea industry
operated by students who participated in the intermediate class of tea sensory evaluation in 2017. The
questionnaire is designed about total of 15 items and 4 constructs which about tea tree cultivation, tea
manufacturing technology, tea sensory evaluation knowledge and skills. According to statistical analysis,
after training the abilities are actually increased, and students’ backgrounds (ex., gender, age, farming area
and mode) possess significant relationship for ability, working requirement and learning difficulty, and
the results could be references for courses planning. The results show that the relevance in working
importance and level of ability enhanced after training through importance-performance analysis (IPA),
they could provide references for reviewing and planning of future training courses, and provide key
reference points for tea sensory evaluation tasters’ training.

Key words: Evaluation of training effectiveness, Tea sensory evaluation, The Farmers’ Academy
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